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1.0 INTRODUCTION

Over the course of the Magsat project there has been much debate
about the importance of large-scale remanent magnetization in the crust of the
continents, and speculation about whether Magsat data can detect the phenom-
enon if it exists. These questions were the subject of the present investiga-
tion.

Magnetic anomaly maps derived from Pogo data (Regan et al, 1975;
Mayhew, 1982) and Magsat data (Langel et al, 1982; Mayhew and Galliher, 1982)
show a prominent anomaly over Kentucky and Tennessee (Figure 1). Equivalent
layer magnetization models derived by inversion of such data (e.g. Mayhew and
Galliher, 1982) indicate an extremely magnetic source region centered in
Kentucky (Figure 2). The size of the magnetization anomaly suggests that this
is the most important large-scale concentration of magnetic material in the
crust of the continental U.S., yet there is no obvious direct expression of
the source at the surface.

Mayhew et al (1982) found that a prominent elongate gravity anomaly
occurs at the center of the source region indicated by magnetization models
based on satellite data. A Tong wavelength aeromagnetic anomaly is directly
associated with the gravity anomaly, although its form is largely masked by
local near-surface magnetic anomalies. Using limited crustal seismic refrac-
tion data for constraint, the above authors produced a simple model, repre-
sented as two dimensional cross-sections, which accounts for the gravity and
associated aeromagnetic anomalies. The model is in the form of an elongate
body which is anomalously dense and magnetic extending through most of the
thickness of the crust. On the-basis of several lines of evidence, it was
interpreted as a large mass of mafic intrusive rock of late Precambrian age,
and was termed the "Kentucky body". Keller et al (1976) considered the
gravity high to be part of a more extensive belt which they termed the "East
Continent Gravity High", and interpreted as the expression of a late
Precambrian rift zone.
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For the first part of this study a three~-dimensional model of the
Kentucky body was developed to fit surface gravity and long wavelength aero-
magnetic data. Magnetization and density parameters for the model are much
like those of Mayhew et al (1982). The magnetic anomaly due to the model at
satellite altitude is shown to be much too small by itself to account for the
anomaly measured by Magsat. It is demonstrated that the source region for the
satellite anomaly is considerably more extensive than the Kentucky body sensu
stricto. The extended source region is modeled in the second part of the
study, first using prismatic model sources and second using dipole array
sources. Magnetization directions for the source region found by inversion of
various combinations of scalar and vector data are found to be close to the
main field direction, implying the lack of a strong remanent component. It is
shown by simulation that in a case (such as this) where the geometry of the
source is known, if a strong remanent component is present its direction is
readily detectable, but by scalar data as readily as vector data.
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2.0 LOCAL MODEL OF KENTUCKY BODY

Figure 3a is a local Bouguer gravity anomaly map for the area of the
Kentucky body, while Figure 3b is the aeromagnetic map for the corresponding
area. Figure 4 is the outline of a vertical-sided prismatic model body
constructed to produce gravity and magnetic anomalies giving a gross fit to
those observed. The model is divided into three parts. The top of the main
(central) part is placed at 6 km below sea level; constraint for this is the
refraction line of Warren (1968). The bottom is poorly constrained, but is
placed at 42 km depth, about 8 km beneath the local Moho, giving a negative
density contrast for this section which may account for the negative side-
lobes in the computed gravity (Figure 5). The central body is approximately
in isostatic equilibrium. The refraction line of Borcherdt and Roller (1966)
extending across the south end of the gravity high indicates an abrupt drop in
depth to the anomalous body from 6 km in the central part to 16 km in the
southern part. This was used as a constraint on depth to top for the southern
part of the model body. Calculations suggest that the southern part does not
extend as deep below the Tocal Moho as the central part, but there is no good
constraint on this. For the final model, bottom was taken to be at Moho
depth. The form of the north end of the gravity anomaly suggests a deepening
of the top of the source. The Irvine-Paint Creek fault zone bounds the
gravity anomaly on the north. Faulting is down-dropped to the north, consis-
tent with the above inference. It is assumed that depth to the top of the
body is 16 km, as in the south; this is consistent with the cross-section of
Amnmerman and Keller (1979) just to the east. Bottom is taken to be at Moho
depth. The margins of the model body were placed by trial and error, using
the gravity gradients as a guide, until a reasonably good fit was obtained.
No attempt was made to fit the surrounding anomalies, for which there are no
constraints, While there is not enough information to constrain the details
of the geometry of the source, the gross geometry and density are well
determined.

In modeling the source, the body was first constructed to fit the
gravity anomaly (Figure 5) using Plouff's (1976) algorithm. Then the assumed
magnetization for the body was found such that the computed magnetic anomaly
amplitude was in agreement with the long wavelength part of that observed
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(Figure 6). Again, it is not possible to fit the detailed local anomalies,
but the mean magnetization of the model body itself (5.2 A/m) is well deter-
mined, certainly within 10%. Magnetic model computations also used Plouff's

approach.

Finally, the magnetic anomaly due to the Kentucky body at satellite
altitude (325 km) was computed, using the inferred magnetization value (Figure
7). Clearly, the computed anomaly is too smail by a factor of about three to

account for the observed anomaly (Figure 1).
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3.0 REGIONAL MAGNETIZATION MODELS

The reason why the Kentucky body in itself cannot be the sole source
of the satellite observed magnetic anomaly can now be easily seen from the
recently-published aeromagnetic map of the U.S. (Zietz, 1982). This map shows
clearly that the magnetic source region is considerably more extensive than
the Kentucky body itself. An indication of the extent of this region is
indicated in Figure 8. The relation of the Kentucky body itself in relation
to regional tectonic elements can be seen in Figure 9. The extended source
region was modeled in two ways, first using prismatic sources, and second
using an array of dipole sources.

Examination of the U.S. aeromagnetic map indicates that the eastern
mid-continent is a regionally magnetic high area relative to the eastern
seaboard region. The gradient separating the two regions is a long straight
zone known as the New York-Alabama lineament (King and Zietz, 1978), which
passes just to the east of the Kentucky body. Expression of this Tineament is
present in the U.S. magnetization map (Figure 2), although it is distorted by
the presence of the Kentucky source region.

In our modeling we assumed three simple regions, the first and second
regions representing those parts to the northwest and southeast, respectively,
of the New York-Alabama lineament, the third representing the extended
Kentucky source region itself. The purpose of modeling the first and second
regions along with the Kentucky region was to remove, to the extent possible,
the biasing effect due to the difference in level between the first two
regions.

3.1 Prismatic Models

These models used the formulation of Plouff (1976) for the magnetic
anomaly due to vertical polygonal prisms. Prisms were arbitrarily made 40 km
thick, i.e, comparable with the thickness of the whole crust, like the
Kentucky body model described in Section 2.0. Calculations with these models
involve an inherent flat-earth assumption, but for the limited area considered
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differences with more rigorous spherical-earth models are very minor. For the
area treated, three polygonal prismatic model sources were used. Two of the
prisms are very large and have a common boundary, which is the New York-
Alabama lineament (Figures 10-12). The third prismatic element is intended to
model the extended source region of the Kentucky anomaly. This third region
was modeled in three different ways; these are indicated by the blackened
areas of Figures 10-12. The first model (Figure 10) represents the most
restricted geographic source area, corresponding to the highest amplitude
anomalies seen in the U.S. aeromagnetic map. It is actually two small,
separate, but nearby, sub-regions which collectively give rise to a single
observed anomaly. The second model (Figure 11) represents the largest area
which can reasonably bound the Kentucky source region, again based on the

U.S. magnetic anomaly map. The third area (Figure 12) is somewhat more
restricted in area than the second, and probably represents the most realistic
estimate of the boundaries of the source region, in as much as it avoids the
linear anomalies on the east which are directly associated with the New York-
Alabama lineament, rather than the Kentucky source region.

With the source geometries thus defined, a series of computer runs
were made in which various combinations of vector component and scalar data
from an equivalent source reduction of Magsat data (Figure 1) were inverted to
magnetization solutions for the three regions (two large, one small), and for
the largest and smallest geometries described above for the Kentucky source
region., Two types of solutions were obtained. In the first, magnetization
directions were constrained to be coincident with the main field direction
("induced" magnetization), and magnitudes only were solved for. In the
second, magnetization directions were left unconstrained, and solutions were
found for the magnetization components; this constituted a test for rema-
nence. Results for a selection of key runs are summarized in Tables 1 and 2.
These are for 1) input scalar data only, 2) input vector data only, 3) input
both scalar and vector data.

Solutions for the two large source regions are not considered partic-
ularly significant, but it is noted that the second region (southeast) is
generally more negative than the first (northwest), whether in magnitude or in
vector orientation, so that incorporation of the two regions in the solutions
seems to have accounted for some of the regional bias.

6
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Solutions for the third (Kentucky source) region are quite consistent
within each geometry. For the small geometry (Table 1, Figure 10) the magnet-
jzation vector magnitude for constrained and unconstrained cases falls between
7 and 9 A/m, the values being somewhat higher for the unconstrained case. For
the unconstrained case, the angle between the magnetization vector and the
main field direction varies from 7 £ 1 degrees to 14 * 2 degrees, which is not
significantly different from the main field direction. While the statistics
are somewhat better where vector data is input, this may simply be the result
of effectively using more data.

For the case of the larger, more detailed, prism (Table 2, Figure
11), angles between the magnetization vector and the main field direction for
the unconstrained case are quite similar to those for the simple geometry.
Source volume is larger so we expect magnetization values to be smaller; they
fall in the range 3 - 3.5 A/m.

The anomaly in the total field for the "best" solutions for the
Kentucky source region of Figure 11 alone for both constrained and uncon-
strained cases was computed at the altitude of the input data set, 325 km
(Figures 13 and 14, respectively). The anomalies are dipole-like, with
slightly different orientations. Note the low on the north side of each
anomaly. The position of the low is in better agreement with the position of
a low seen in the same area in the input anomaly data (Figure 1) for the
constrained case than for the unconstrained case. This perhaps adds some
support to the idea that magnetization in the source region is by induction in
the main field.

A single run was made for the third geometry for the Kentucky source
region, with magnetization of the source constrained to lie in the main field
direction. The magnetization solution for this geometry was 4.2 A/m. Note
that this value is in good agreement with that determined for the Kentucky
body (5.2 A/m) as described in Section 2.0. This is an interesting result,
because it suggests that the depth extent for the whole of the extended source
region is comparable with that of the Kentucky body, i.e. most of the crustal
thickness. While there are no constraints on this thickness, and 40 km was
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assumed in the models, the depth extent could not be much less without associ-
ated magnetization values becoming unreasonably large. The anomaly in the
total field (AB) due to this geometry for the Kentucky source region alone is
show in Figure 15. When this is subtracted from the original input AB data
(Figure 1), an anomaly data set free of the influence of the Kentucky source
region should result., This is shown in Figure 16. The large "bull's-eye"
(which is the "Kentucky anomaly" of Figure 1) is gone and the remaining
smaller highs are interpreted to be associated with the New York- Alabama
lineament.

Finally, as a check on detectability of remanence, we computed the
magnetic anomaly due to the Kentucky source region alone with an assumed
direction of magnetization 90° away from the main field direction, added it to
the residual data set (Figure 16), and then attempted to recover the direction
using the inversion program. The assumed direction was recovered exactly.

Our interpretation of the above results corresponds to conventional wisdom:
where the geometry of the source is reasonably well known, its magnetization
vector can be found by least squares estimation using one or any combination
of vector and scalar data types.

3.2 Dipole Array Models

These models utilized a new approach to spherical earth equivalent
dipole modeling of regional sources by constraining all dipoles falling within
specified regions to adjust together in a least squares solution. The method
is referred to as mosaic dipole modeling in that a region of interest is
divided into a set of mosaic subregions in which the dipole arrays are
constrained. These mosaic subregions are specified by geologic structural
considerations. A more detailed description of the method is given in
Appendix A.

The purpose of utilizing two different approaches for our regional
magnetization modeling is to provide greater credence and support for conclu-
sions drawn from the resulting solutions. As with the prismatic models of
Section 3.1, three mosaic regions were utilized to describe the area treated.
The dipole grid array and the corresponding mosaic regions are displayed in

8



BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

Figure 17. Regions I and II are large and have a common boundary approximated
by the New York-Alabama lineament., Region III models the Kentucky body. To
more closely correspond to the structure represented by the prism of Figure
10, the three dipoles comprising the Kentucky body were shifted slightly away
from the grid points displayed in Figure 17. In particular, the western-most
dipole was shifted .1° to the north and .4° to the east, the northern-most
dipole was shifted .4° to the south and .5° to the east, and the remaining
dipole was shifted .4° to the south and .4° to the east.

With this source geometry, a series of computer runs were made with
the same combinations of data and solution types as described in Section 3.1.
The results are presented in Table 3 and show a satisfying consistency with
the results of the prismatic models. As with the prismatic models, the solu-
tions for the two large mosaic regions are not considered significant, but do
show the same more negative structure in the southeast mosaic. The solutions
for the Kentucky body produce magnetization vector magnitudes very similar to
those of Section 3.1, while the angle between the magnetization vector and the
main field direction for the source component solutions varies from 14 £ 5§
degrees to 17 * 1 degrees,
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4.0 CONCLUSIONS

Based on the results of the local model of the Kentucky body and the
regional magnetization models, we reach the following conclusions:

1.

3.

The Kentucky body alone cannot account for the magnetic anomaly
measured by Magsat.

The anomaly measured by Magsat can be accounted for by a more
extensive magnetic source region defined by aeromagnetic data,
with magnetization (4.2 A/m) comparable with that determined for
the Kentucky body (5.2 A/m).

The magnetization value for the extended area suggests that
magnetic material is distributed through most of the crustal
thickness, as it is for the Kentucky body itself; however, a
gravity anomaly is not associated with the extended source
region.

The direction of magnetization determined for the extended source
region is near the main field direction, suggesting that a strong
remanent magnetization is lacking.

Where the geometry of the source is known, magnetization
direction can be found by inverse methods, but equally well with
scalar data as with vector data.

Results from dipole array modeling agree with results from

prismatic source modeling; the two very different approaches
provide a mutual check.

10



BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

REFERENCES

Ammerman, M, L. and G. R. Keller, Delineation of Rome Trough in eastern
Kentucky by gravity and deep drilling data, Amer. Assoc. Petrol. Geologists
BU]] oy 63’ 341_353’ 1979-

Borcherdt, R. D. and J. C. Roller, A preliminary summary of a seismic
refraction survey in the vicinity of the Cumberland Plateau Observatory,
Tennessee, U.S. Geol. Surv. Tech. Lett. (Crustal Studies), 43, 32 pp., 1966.

Keller, G. R., B. K. Bryan, A. E. Bland, and J. K. Greenberg, Possible
Precambrian rifting in the southeastern United States, E0S, 56, 602, 1975.

King, E. R., and 1. Zietz, The New York-Alabama lineament: Geophysical
evidence for a major crustal break in the basement beneath the Appalachian
basin, Geology 6, 312-318, 1978.

Langel, R. A., J. D. Phillips, and R. J. Horner, Initial scalar magnetic
anomaly map from Magsat, Geophys. Res. Lett., 9, 269-272, 1982,

Mayhew, M. A., An equivalent layer magnetization model for the United States
derived from satellite-altitude magnetic anomalies, J. Geophys. Res., 87,
4837-4845, 1982,

Mayhew, M. A., and S. C. Galliher, An equivalent layer magnetization model for
the United States derived from Magsat data, Geophys. Res. Lett. 9, 311-313,
1982.

Mayhew, M, A., H. H. Thomas, and P. J. Wasilewski, Satellite and surface
geophysical expression of anomalous crustal structure in Kentucky and

Tennessee, Earth Plan. Sci. Lett. 58, 395-405, 1982.

Plouff, D., Gravity and magnetic fields of polygonal prisms and application to
magnetic terrain corrections, Geophysics, 41, 727-741, 1976.

1



BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

Regan, R, D., J. C. Cain, and W. M., Davis, A global magnetic anomaly map, J.
Geophys. Res. 80, 794-802, 1975.

Soderberg, R. K., and G. R. Keller, Geophysical evidence for deep basin in
western Kentucky, Amer. Assoc. Petrol. Geologists Bull., 65, 226-234, 1981.

U.S. Geological Survey and American Association of Petroleum Geologists,
Tectonic map of the United States, 1962.

Warren, D. H., Transcontinental Geophysical Survey (35° - 39° N). Seismic
refraction profiles of crust and upper mantle from 74° to 87° longitude, U.S.
Geol. Surv. Misc. Geol. Inv., Map I-535-D, 1968.

Zietz, 1., Composite magnetic anomaly map of the United States, U.S. Geol.
Surv. Map GP-954A, 1982.

12




BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

APPENDIX A. MOSAIC DIPOLE MODEL

This technique represents a new method for regional magnetization
modeling using a constrained dipole equivalent source approach. The method
consists of using a spherical earth equivalent dipole source model with the
dipoles within geologically specified mosaic regions constrained to adjust as
a fixed entity (i.e. all dipoles within the region are constrained to the same
magnitude and direction by mathematical equations). A least squares
estimation algorithm best fits the anomaly data while adjusting the
constrained dipole regions. The program will operate in two modes:

a) adjust source magnitudes with the directions forced to lie in the main
field direction

b) adjust both source magnitudes and direction.

Pata input to the software is any combination of ABr s ABe R AB¢ or AB .
The coordinate system utilized is the spherical ; . 8 s $ system.

The mathematical description of the least squares algorithm with the
constrained mosaic regions is given in Appendx A.1, while the mathematical
derivation of the dipole source function is presented in Appendix A.2. A
description of program input is given in Appendix A.3, while a source listing
is presented in Appendix A.4,

13
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APPEMDIX A.1 Least Squares Analysis with Constrained Regions

Suppose we are given the linear system

y =Ap +v (A1.1)

where y 1s a vector of observations of dimension m , p 1is a vector of
parameters of dimension n to be estimated, A 1is the (m x n) matrix of
partial derivatives of the modeled observations with respect to the
parameters, and v 1is a vector of observation errors of dimension m with

zero mean, E(v) = 0 . Then the least squares solution of p of Equation
(A1.1) is chosen to minimize the square of the observation errors,

J(p) = (y-AP)T (y-AP) = vlv . (AL.2)

In the situation where observations of different noise characteristics are

involved, a solution of the weighted least squared problem is desired which
minimizes the quadratic function

T
)

J(p) = (y-Ap) W (y-Ap) (A1.3)

where W is an (m x m) weight matrix. In our applications, the weight matrix

is diagonal with elements equal to the inverse square of the observation noise
sigma, o ,

al—
o

1
W= E[va]'1 = 5.2

Q|—
[pS]

14
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A necessary and sufficient condition for a minimum of Equation (Al.3) is that

its first variation be zero,
§J(p) = 0 .

This leads directly to the system of normal equations
AT WA = AT Wy (A1.4)
and to the least squares estimate

T

p = (AwA) L AT wy . (A1.5)

The matrix ATWA of dimension (n x n) is called the information matrix. If
in addition to the linear system (Al.1) we have an a priori estimate of p
and an a priori information matrix denoted by 60 and Ay s respectively,

then the normal equations become

T T

(A WA+A0) p =AWy + A0 Py .

so that

5 = p-py = (AWAsA)TH ATWLy-A,T (AL.6)

The set of measurements in our application consists of magnetic

anomalies in the total field, AB , and anomalies in field components, F
FO s F¢ at geographic positions i . We consider two different parameteri-
zations of the anomaly field: (1) a set of ND dipoles of magnetization Mj

r b

15
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with their direction fixed along the main field, where

ND

16
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In the second case there are 3 x ND parameters. Assume for the moment that
there are no regional constraints so that all dipoles are independent. The
parameter state vector p then contains all dipole parameters. Nenoting the
calculated iEb-measurement as

(summation convention assumed), it is readily seen that the elements of the
matrix A are

aFi
A, . = —— (A1.8)
H ap.
J
and represent the anomaly due to the jED- source at the iEﬁ. position for

unit magnetization. The calculation of these source functions are described
in Appendix A.2. The elements of the information matrix

T m an an
A'ij = (A WA + AO)ij = AO'ij + Z le _3-P-— —a'p— (A1.9)
=1 i A
and
T m an
=1 J
where
yo = Ap0 (A1.11)

are calculated and accumulated after processing each measurement.

17
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Now consider that the set of dipoles specified by the state vector p
are resident in a total of N regions Rj.j-1 N and further let the vector
Pj denote the parameterization of region Rj . If the option to force
the dipoles along the main field direction is specified, P; has a single
element; otherwise, Pj has three independent components of magnetization.
The total state vector now is P with element P; and a total dimension of

N (or 3*N) and should replace p in equations Al.1 through Al.6 . The
ith measurement is now

(% Aip.)P; (A1.12)

where the summation of 23 is over all dipoles within region Rj The
elements of the matrix A in equations Al.8 through Al.10 now become

(A1.13)

Advantage is taken of the fact that A 1is a symmetric matrix so that
only the upper triangular portion is accummulated. A Cholesky decomposition
method is used to obtain the inversion of the information matrix, A=t

The estimate error covariance matrix is

A

C = EL(P-P(-P)T1 = ! (A1.14)

and the solution correlation matrix p is computed as

[ JFO = Y C.- C-. - (Alols)

18
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The uncertainty in the computed angle ¢ between the main field in
region Rj and the magnetization vector Pj for region Ry may be
obtained from the 3 x 3 submatrix Cj from C corresponding to region
Rj . Let

6 = B! & P, (A1.16)
where
1 Fr Pr
By = 'Pj'sin o ('F" - cos ¢ {|)
J
1 F Py

B, = TP'JT]"S_TH_@ ( F_e - cos @-’P—‘]:I) (A1.17)
J

1 F

P
b
¢ J
B, = [P.[sTn & ( = - cos ¢ )
TR (- e
and F , Fr , Fg , Fy represent the main field magnitude and components
in the center of region Ry Then

o2 =8 ¢, B ) | (A1.18)

The uncertainty in the magnitude |Pj| may be obtained from equation Al.18
by replacing the vector B of equations Al.16 and Al.17 with

19
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APPENDIX A.2 SOURCE FUNCTION DERIVATION

In this section we derive the expressions for the anomaly components
and the anomaly in the total field due to a dipole at the earth's surface. We
use a spherical coordinate system (r, 8 , ¢) , where r is radial distance
out, 6 1is colatitude, and ¢ s longitude east. Let primed quantities
refer to the location of a point dipole, unprimed quantities to an external

position at which the magnetic field arising from the dipole is to be
evaluated.

The magnetic potential at (r , 8 , ¢) due to a dipole source at
(r' , 08" ,¢') fis

Ve M e v o(1e) (A2.1)

where 2 is the distance betwen the source and the external point.
M is the dipole moment, with components (mr > Mg s m¢) . %2 may be written

2 =r2+ % 2rr cos ;)1/2

where ¢ 1is the central angle between the two positions. Then it is easy to
show that

3

<<
1]

{mr(rA -r') -mgrB+m rC}/s (A2.2)

¢

Vr + Ve + V¢ = V1 + V2 + V3 s

where
A = cos 8 cos 8' + sin 8 sin 8' cos (¢ - ¢') = cos ¢z

21
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B = cos 6 sin 8' - sin 6 cos 6' cos (¢ - ¢') (A2.3)

(]
i

sin 9 sin (¢ - ¢') .

For future reference, write Al = A ,Bl =B, C1 =¢C.

Then the anomaly field vector is

= - 9 ) 3
F=-w=- L?F > ra6 °? rsinea¢} v : (A2.4)
We will need {3% ,-5753355} (A,B,C) .

They are

]
H

-sin 6 cos 8' + cos 6 sin 8' cos (¢ - ¢') = A2

B2

-sin 6 sin ' - cos @ cos 8' cos (¢ - ¢')

cos 8 sin (¢ - ¢') = C2 (A2.5)

3

2A

-s—m = - sin 68' sin (¢-¢)=A3

aB
Sindoo

cos 9' sin (¢ - ¢') = B3

aC

sTnesg - <08 (6-0") =03 .
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Define the following quantities:

Dl=r -r'Al F1 = rAl - r'
N2 = -r' A2 F2 = -rBl (A2.6)
N3 = -r' A3 F3 = rCl
v
Fe = =37

mr{3DIF1/£2-A1}/£3 + me{3DlF2/22+Bl}/23 " m¢{3DIF3/22-C1}/23

_ 3V
Fo = - T30
(A2.7)
~ 2 3 ) 3 2 3
= mr{3D2F1/2 -A2}/2” + m {3D2F2/2 +B2} /27 + m¢{3DZF3/2 -C2} /%
F o= v
¢ rsinda¢
- mr{3D3F1/22-A3}/23 + my{303F2/22483}/2° + m¢{3D3F3/22-C3}/13 )
We now have equations for the components in the form
Fr =m, d11 +mgy d12 + m¢ d13
Fg = Mmp dyy +mg dyy + mg dyg (A2.8)
+m, d

F. = m. d31 +m, d

23
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Then
o Fro g Fr_ 4
amr 11 ame 12 am¢ 13
oF oF oF
5 7] ¢]
-4 2.4 2.y (A2.9)
amr 21 ane 22 aﬂ¢ 23
Efi = d Efi = d Efi = d .
amr 31 3me 32 Bm¢ 33

The anomaly in the total field is

AB = Fr sin I + Fe cos I cos D+ F¢cos I sin D .

where I and D are inclination and declination of the main field at the
point of evaluations.

Thus,
248 _ d sin I + d,, cos T cos D +d,, cos I sin D
amr 11 21 31
388 _ d sin I +d,, cos I cos D +d cos I sin D (A2.10)
ame 12 22 32 :
3AB

'ﬁi; = d13 sin I + d23 cos I cos D + d33 cos I sin D .

The above partial derivatives are used to form the Jacobian matrix as
described in Appendix A.1 for the case in which inversion of field
measurements to vector sources is being attempted.
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The formulation is different for the case in which source directions
are fixed a priori and source magnitudes only are solved for. In this case,
we write

-
1]

M(sin 1) d11 + M(cos i cos d) d12 + M(cos i sin d) d13

-n
"

o M(sin i) d21 + M(cos i cos d) d22 + M(cos i sin d) d23 (A2.11)

-n
0]

M(sin 1) dyg + M(cos 1 cos d) dq, + M(cos i sin d) daq ,

where i and d are inclination and declination of the source. Then we form

aF
ro_ Cs : s
o d11 sin i + d12 cos i cos d + d13 cos i sin d , (A2.12)

and the other partials similarly. The anomaly in the total field is

AB

Fr sin I + Fe cos.l cos D + F¢ cos I sin D

Mlsin I{(sin i)d,; + (cos i cos d)d;, + (cos i sin d)d,;} (A2.13)

+

cos I sin D{(sin i)d,, + (cos i cos d)d,, + (cos i sin d)d,.,}

+ cos I sin D{(sin i)dq; + (cos i cos d)dg, + (cos i sin d)d4,1]

from which we form 5AB/3M .
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APPENDIX A.3  PROGRAM INPUT

Program input consists of a main field spherical harmonic model, an
overall grid of dipole locations, data at the overall grid locations,
parameters defining a selected sub-region of interest from the overall grid
and the definition of the mosaic regions as subsets of the selected
sub-region. The overall grid of dipole locations is a 60 x 32 array covering
the U.S., and the selected sub-region of interest is identified by the
parameters I1, 12, J1 and J2.

OVERALL GRID
32

SUB-REGION GRID
12

J2-4142...
1213... J2-J1+
It !

J1 J2

60

The program numbers the dipoles internally by proceding through the
rectangular sub-region sequentially from left-to-right from bottom-to-top.
This is the numbered grid by which the user must define the mosaic areas. The
sub-region must be completely encompassed by mosaic regions, but a particular

mosaic region need not be simply-connected. As an example, consider the

16 x 16 sub-region shown in Figure A.3.1. The Region I mosaic is defined by a
sequence of entries giving the beginning column number, the number of columns,
and the row number for each contiguous row segment. For example, Region I is

identified by
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Beginning No. of Row No.

Column No. Columns
1 11 1
1 10 2
1 7 3
1 4 4
1 4 5
1 4 6
1 4 7
1 7 8
2 6 9
4 3 10
9 1 10
4 3 11
9 2 11

The program will also expect the total number of entries for defining the
mosaic region to be given.

27
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Figure A.3.1 Sample sub-region grid showing a mosaic
region definition.
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Program Control Variables

For the most part, the software is controlled by variables defined
internally in data statements. In the main program, the following variables
are set:

JOPT = 0 estimate source components
1 estimate source magnitude only

Ll =0 do not process AB. data
process ABp data

L2 =20 do not process ABg data
process ABg data

L3 =20 do not process AB, data
process ARy data

L4 =20 do not process AB data

process AB data
Moreover, the variable NDIM is set which is the dimension of the upper
symmetric portion of the normal matrix. Note that this value must be at least
as large as required by the problem to be estimated and the array D must be
dimensioned to at least this value,.

In Subroutine FUN, the following variables are set:

I1 the grid number of the overall grid which defines the
lower latitude of the selected sub-region.

I2 the grid number of the overall grid which defines the
upper latitude of the selected sub-region.
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J1 the grid number of the overall grid which defines the
western longitude of the selected sub-region.

J2 the grid number of the overall grid which defines the
eastern longitude of the selected sub-region.

In Subroutine DATA, similar variables are set which define the
sub-region over which data will be processed. Note that the data sub-region

need not be the same as the dipole sub-region.

Program Input Units

Data input to the program is accomplished on units 5 and 9. The unit
5 input is as follows:

a) Main Field Model in FDG format

b) Latitude and longitude locations of the overall grid (60 x 32)
c) AB data on a (60 x 31) grid

d) AX data on a (60 x 31) grid

e) AY data on a (60 x 31) grid

f) AZ data on a (60 x 31) grid

The unit 9 input is the set of entries read in Subroutine BLKS defining the
mosaic regions via a 3I3 format. The data consists of the following:

a) The total number of Mosaic regions

b) The total number of entries for Mosaic Region 1
{the entries for Region 1 consisting of First Column Number, the
number of columns, row numbers

c) Same as b) for Region 2

z) Same as above for the last mosaic region.
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APPENDIX A.4  PROGRAM LISTING
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;§YCQE§§§3,J°3 (F8002,377,14),40SAiC. DIPOLE, TI4E=(01,00) ,4OT IPY=TCDHUA,
7/%3IBPARM LINES=100
7/ ELEC_OFORTH,2 AR M= IREF
//saaig§i§§§§guogu;3L(1920) L2LNUN (1520) DEDP (1920
. S c
3§§§§§5§8§°? S) (ST {5) ,SMEAN 5( SIG 5' aus 5‘ )
a
DINCHSION D& (2843 bde 2‘ ), 516 (5) , 24 (5)
DIMENSION D (500) JDu{ 80) D2 (68G) ,SDD(3)
COMNCN/CP/ CE (68 !
COMHMO N/3LIKS/ B2CHTR, sncura.zxzuna,auuab
COMHOB/DATAST/ nar IDUN, {C
COH&ON/RBC/RL&IJJZL LOi 32),3L£:( é 5 3325 dthZé,BP(JZ)
CoaM0i/BiC/P (680) bnp(s le 039913530),0 D22 (680) , bFDe37 630y,
* DFDP4'(680) , & (3),F8,FT,Pe,1E
counos /DuaT/D
CCUMON/DIBCLE/ALAT (226) , ALON (225)
COHBMOu/KDiN/NDIA
REAL*8 D,D£D21,0FDP2,DED23, DED24,2FD2, 0W, D2, SUAD,OC,XC
DATA LaS$, IBII)0,0/,3C0aPRV1
DATR L1,L3,0L3,. 5475000 qusrn/1 1,1,1,0,0/
CATa szénr,s;&aa,sxca& SIG3e71 ‘ay a.o, .o 6.0/
LOS(L.d dDIdj= (3=1{*4DLn Jis2-] I
S 9DIA IS TH& NGM3ER OF ZLENENTS IN THE WhAEAL RATRIZ AND NMOST THE
¢ SAME CR LSS [HadM THE DIMENSION OF THE Amkaf D
z uoxu-upnnuténpxau»1)/2
2 4HERE NEAE4 IS THE NUMBER Of PARAMETERS ESTIMATZD
. NDIN=300
DO 422 I=1,680
CP (11=0.0
422 CONTINUE
S SET [ATA COMPOMENT WEIGHTS
-
SRTDP=1,0/3IGDE
sIDF3SWTOF*SalILl?
SéTBBR=1,0/SIGBE
WTba=SWT B *SaTER
ST3T=1, 0/3IGET
WI BT=SHTBT*SalET
SéTBP=1.0/51GEE
c #TBP=SWTAP*SETEP
Z S8T UP SOURCZ AK5AY
<
c CALL FUN2 (JORT,JCNSTR)
C IP SOGLUTION IS FOR SOURCE CONPONENTS, CONPUTE ANGLZ
C 3BTE2EN A PRIOEI AND MAIJ PIELD

IP JOPT.EG.1) GO T0 16
(SIQ)

I
CaALL ANGL(AIG.II)

15 COMTINU

Al CONTING 2

S SET UP DATA SET POE INPOT

i CALL DATA2

[

S JCOEPR=Q0 N0 PRINT 7OR CORRELATION MATRIX
¢  JCORPA=1 PEINT CORRELATION MaTRIX

>

S JJPT=0 TO ESTIMATE SOURCE COMPONENTS

€ JOBT=1 TO ESTINATE SOURCEZ GAGHITUDES OMLY

S JZNSTR=Q NO CONSTEAINT

S J3¥ST=1 CONSTRAINED

¢

S L1=1 TO INPUT RALIA ELD CONPONENT

C L2=1 TO INFUT SOUTH PIELD COMPON ENT

z [3=] 0 TdRUT EAST PIELD CONPONZNT

S Li=1 TO INPUT ANOMALY IN THE TOTAL PIELD

: FI8 BETUENS CORRESEGHDING COMPUTZD QUANTITIES

25 PORAAT (415,I1C)

32



rienst i

OF POOR QUALITY

BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

Oan GO

[pIR18]

«Q

[ §]

[¥]

Qaacon

[RLRIR]

aoaann

COSTRACT DFDP VECTUR 435 DICTAIED Y CONSTRAINTS
DrDP IS 1J4E AE34Y OF PARTIALS

SES_UP lda ¥0SAIC REGIOYS DEFINZD Ly TEZ&¥S OF THE INPUT GEID

) L
L MDCUWTR,JUMEL,I ELJUY)
BER QF MQSAIC_&EGIUNS
g?gﬂ OF INOEPZSNDLNT PARASETERS ESTIMATED
&
1) ¥PCHIE=3*NOCNTiu

VARIANCE MATRIX
D,D®R,¥2CNTR, V)

o 2 &b
zozCtil

o rghet
[=) ; [T g =] 3N
o mr

20

o
HE
Iy
I8
op

v
Sike TEYLES
R
HOOC Kt
oM
~0

o

<=0k

ZERQ RIGHI HAML SIDE
DU 2 J=1,4P
DW (J) =0, B0
2 COWTINUE

goJ;e 3
=2

Cé(J

3 CoN
3 ¢

=1, 5P
« D0
0.

NUE
NTI

oHIO

TINUE

DATA PROFILZ
¥TS Al POSITIONS (LATITUDE, LUNGITUDE,ELEVATION)= (RLAT,dLON,

g
(o] o]
(a1

'LAT.' ,5X,'LOY¥.",6X,

*INPUT DATA'//3X,%§0.*,54,
g fev,3x.788/)

«84,'87',3%,"

Qg -
»Oprya.

BR
NIT, NPTS,LAST)

8

[ 1.1
g

)
f
I
2
iPT,JCHSIR)

mO

-
LES V- L)
FORM RESIDUALS (OBSERVED-COMPUTED ZIBLD) DI PUR VARIOUS INPUT COAPS

DO 79 L=1
G0 TO 671:3z,73.77).n
CONTINUE

xr,én1.aa.0) 38 TO 79
HNE=NN+ 1

71

74

72

[
[
.
[
©
[)
©
A
Q
[}
~
-]

75

13

Q.0) GO0 TO 79

=P el

-

76

BP
pfDP3 (J) sSWTBP
)~2P)$siTEP

e G O b

17

78
70

CONTRACT DFDP VECTOR TOU DIMENSION NPCNTR AS DICTATED 3Y CONSTRAINT

11=1

33



b ) »% \ - - -
CRIGRIN, Pt o

OF PO
BUSINESS AND TECHNOLOGICAL SYSTEMS, INC OR QUA“‘

DO 163 J=l,dBChTE
u2=u1ouuasL(J§
IF (JORPT .WE. J GO TO 162
c PDP{J)=G.OD
Dgngge 37“3 §§2(J) PDP (IELLUA (4
. = + DPD u
161 CONTIAlE ( (@)
g0 TO 164
162 J3=3#%{J-1)
CDPDP [J3+1)=0.CD0
COEDE {J3+21 =0.6DQ
CoPDR{J3+3)=0.0600
DO 163 M=31,a2
d3=3* Iazuuﬁéa¥-1)
COPDP (J3+1) =CDEDP'(J3+1) +DFDP (43 +1
COFDR {J3+2) =CDEDR(J3+2) +DFDP (M3 +2
CDPDP {J3+3) =CDEDR{J3 +3)+DPDP (M3 +3)
163 CONTINOZ
164 H1=u2+1
165 CONTINUE
<
[
S FJ2M D (THZ aHES VECTOR) A¥D D MSATKICES

Do J=1,8PCHT
D (J}fDiéf) OCDEDPéJ&_‘D!

3’ g
LCSLL
LSD(I.C) + CDPDP(J) *CDPDP (¥)

Iua
SRITE 4£1)eX (D) (X(3)(BR(L) , 5T (1), B2 (1) ,DB (T
22165}5 () (Q)E‘ (} (X).BP(I),DE(I)
IF (LAST.Ey0) GO 10
BALE dPch1s) GO 74 800
COMPUTE CHZCK SUM COLUMN AND INVERT D SATRIX
DO 6 L=1,4ECHTR
SgND=
Do 4 3e3uEC §IR
LC=LOC (L,4,NPCNTR)
: IF (L. La.5£ L =LOC (8,L,NPCNTR)
4 SU3ID=30AD + O (LC)
6 DC (L) =Sua
TSIV (M2CNTR, SPCHTR,D, DFDR)
FORM PARAMETER COERECTiION VECTOR DP POR TdE ESTINATED PAGAJETERS

DO 530 J=1,8PCETR

é;srz.‘,

naa

[2IRIg]

J x u;cur .
é J,NPCNTR)
DP(JBa pja) 1c ,. Lﬂ
cE(d) ﬁJ) + D (L&) =0C ()
530 CONTINU _ ,
: “omzu L 80 2INT THE VECTOR CP OF SSTI4ATED NOSAIC PARAMETELS
58 roaéaf(/}/"‘* SOLUTION *#1///' ¢ 9%, 12Q',20X,

#0CPY 20%,'DBY 181,'CHZC&'.18&.'V&R',26 , fraT18v//f

DG 563 J'jéfié ¥TE

CR (3] =CF () 3 O

¢ 1 3 lxi’cun)
aansE i(b(LC ))
2C(J) =0
5&%% e adsE e 5& c2(J) ,D2(J) DCC(J) VAR, R2TIO
‘ . ’ ’
3 FOR % 652023)

o 540 courryuE
¢
3 EIBASD 08 UN-CONTRACT HOSAIC 24RANBTER ( P) VECTOR [NTO DIROLZ ¢
g PARAMEIER VECTOR THAT INVZRSIUN IS OVER SO RBSIDUALS
: 3AY BE CALCULATED .

41=1
DO 565 J=1,NDCHETR
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42=4 1+ NUNEL (J) =1
IF (JOPT .N¥Z. 1) GO TG 562
20, et Liad (a)F P(IZLAUL (1) ) +CP (J)
= & [
561 CONTIHUE !
0 TQ S04
Se2  DQ_563 a=41,42
43=3% (CELNGM (M)~ 1)
J3=3#17-T)
2(H3+1)22(M3+1) +CP (J3+1
P{d3+e2)=p (8342) +CP (J3+2
Pla3+3) 22 (H343] +CP (J3+3
563 CONTIuuZ
564 CONTINUE
Hlapg2e]

505 CONTINUE
WRITE

RITE(e
4) rosqui/i lLLL DIPOLES WITHIN THE_4OSAIC REGIONS'///
*43 'axgona- *35, PARN. T e aza§0u- 84 'Laty
o1 18y" vPiRANETZR' /62,78 .54, k0.1,
c #2812, VaLGESY //)
S PBINT OOT VALUES FOR ALL DIPOLES «IIHILd THE BOSAIC AEGIONS
- DG 566 J=1,N
GALL REGIOh{J,JOPT LIR)
IF (J02T 10 S0 7
AT TSIV
L= (J=1)*
LPLUS1=L%1
4RITE(6,60) J,LPLUSY,IR,ALAT (J),aLOl (J) ,B(L+1)
*{fg§ rth] 3,LRLUS2,X8,ALAT (J) ,ALON (3) ,2 (L+2)
. &
LPLUS§8L03) . oAy . .
E%I§§‘§32°’ J,LRLUS3,IR,ALAT (J) ,ALON (J) ,P (L+3)
37 courzd 5 IR,ALAT(J) ,ALQi (d) ,2 ()
_g; rg.%érés 3,§(5x,§5 2 | S ’ ).
N B8 AT (15 10712.5)
< ruziﬁsnzze 18135125 %5 berrorn MODEL EVALUATIOS AGAXNST DATA
B=0,
¥a=0
¥B=0
LaST=0
NN=Q
I3IT=0
0012 I=1,5
(D) =0.
sanxi%x 0
30.
_ 12 SIG(I)= =1
g COMPARE DATA WITH SYNTHETIC PIZLD CQMPUTED PROM PARAMRTER 3OLUTION
WRITE(6,9
9 op 102H ‘5(€af,'coupxna DATA JITH COMPUTED VALUES FRON NODEL'//)
39 FOBAAT (137,16X, *RADIAL',13X,"SOUTH? , 14X, EAST?, 12X, 'TOTAL FIZLD'/
38 chiL para (1BLT, KPTS, LAST)
800 I=1,%PTS
(1) =aLaz($
b3 SRLOHzI}
(3 sZLEV{T
AT JOET ,JCUSTR)
I 3
§5i£§8§6659& sgéaa(x) #R,8T (I),PT,BP (I) ,PP,DP (I) , IC
s-aonasfaafxf-rnf¢133(ar(z)-ir)oAsssap(z)-rp)
NA=3A+ ]
39 BORNAT (IS5, (S1,2P7.2)/
(N = } 2108 If=1Cj* AT =¥C) *GTDP
Mer QeiBall -ra{t BA (I}~ FR) *xT3R
u(3]= + {3T {1} -7T)* [BT (I} - FT) *4TBT
lu) =g (4]« (BE (T =pE|+ lap -F2) *&TBR
S3zant1) =sAEad (1) + (OF {I) X
SHEAN §}asaznu!2 +{BR [I)~FR
SAEAY (3) =SHZ AN {3)+ (BT {I)=FT
SNEAN (4) =SHEAN (4) + (BP (I)=FP)
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8)0 CONTINUE
i, i3t oo 0 e
a-a/rxoariuag
SaT(1)=basuThE
SUT(2)=Na*aTEix
54T 3?=NA‘EIBT
SWT{34)=daxaTER
§35;3‘?§g35 1)
=q

S(I)=3 “¥3 1
SR e
SaT(5 35?!{5&0-“;(1)

13 SIG §§=sga 85 (1) *e2=SHEAN (1) **2)
BMS (3) SSuRT (( (517 4T (s
SHEAY (5) ZSHEAN (3] /(4 ua
wg 7o 045, TS CRT(RHS (5) ¥22-50240 (5) *+*2)
4EITE ts;zzzi E

111 FoRAaT (f0%Y Heaw prerEaENcE,SCALAR=!,P6.
222 FQRMAT [*31Y EiaM DIPFEKENCE,VECTOR='[Fo.
13 faiair oISl BES Iz,
s wg§§gr(é'g?£‘(sg AH(I)5I=1 5
__ 4RITE (é,sssl jsxs;il I=1, 5)
333 et {2t (a?')'i=?‘s/)
663 roanxf(!o' l'ﬁi “£2383b.24)
pa g L1.&3.1 #BITe a,a1g
I? (L2.EQ.1] W#AITE
IF (L3.BQ.1) WELTE (6,43
IF {L8.Eu.1) WEITE (0,48
o JOEI'.;Q.!; WRIT Eo,HS}
c IF (JOPT.Ev.0) WRITE
4RITE (6,11) NT
11 BT %afxgg- SOURCES'/)
.10 ggggﬁr(é’gsfxs,- PARAMETERS' /)
- [ ]
_ 23 Eomdir 'g; * EUNCA PARAMETEZS'/)
L B EERE
13 B8EAAT 194}

COYPUTE PARAMETER STAKDARD DEVIATION

O

N=3
IF ﬁJOPE.ES.l) =1

63 I=H4,dP,N
$8 aU&'SUH* é £
AVG=SUM/FLOAT (BD)
Jx=0Q,

20691

9 3 Suu§ g Iéﬁﬁ/gkox% ¥D)
=

couézhaa“ ¢ (¥0))

6

4=

D

SBITE (6,64)  (SDD{J)  J=1

58 FO aaar‘( )"paa akf én:',3=1z-u/)
IP SOLUT

3 ETWEEN

17 1) GO TO 67

SR IdY

cOntia

ION IS FOR SOURCE COMPONENTS, COM20TE

2/;

ANGLE IN DEGREES

VECTIR SOOURCE DIRECTIONS Ad¥D 4AIN FIELD DIRECTIUN

63 FORMNA T ‘038' lNg&E BETWEEM MAGN VECTOR AND XAIN PIELD'/)
112 ?OHBAT /1 ‘DIP LE LAI. LOI. 9L,'P1? ,6%,'P2%, 0L ,'P3?,6Z
{ene $258s i patiisy.” <ok

s1pv 7% TINC® ,5%,'F

t'sxépaf' 'sIcaacf,)

00 65 I=1,45

éfif ANGL (ABG,II)

»

65 CONTINOE
57 COMNTINUE

iF (JCORPR. EQ.1)CALL CORL2R (D,DC,5PCHTR,1)
8 CONTINUGE

36
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Qan

LR o o o o
W= Wi —

SETUEN
JBITE(6 50)
05241 (151,110,700 40CH LATA BEJECTZD®®e x+sPIT AS0RTED')

et BT

£ S g g

FORYAT [13v7¢ INBUT ZisT CLMPGNENT

FORMAT [*)V)* INPOT awoM rn 1F°)

EOBMAT ('3']' INVEAT 10 SOUKCE YaGNITUDES ONLY')

FOAIAT (*3';¢ INVERT 70 SOURCE CONPUMENTS')

D

E
SUBBOQUTINE TSIBV (LL,4M,A,R)

LYVERSION ROOUTINE FQi SYMMETRIC MATaIX STORED ROW=@ISE

Pa

10

Wi~y
[=lale]

-t b e
(VU
N

THE JPPER SYJMETRIC PORTIO
DOUBLE PEECISION DPIV,DSUM,a2,a(1),A(1)
IDGUO
LTROY
I?*L Lr.l)GO T0 3UQ
S

Ag:

L&’HB-LL
Iy

I
DO 90 K= 1
TSpatuperh t
x21v=1uool

+LEND
DSgg*DSUH’AéLAI!)‘I(LAH?*LIHD)

Co

DSUH*A IHD -DSUN
ad 8} &0 2 70

IF&%SUSEQ 9, 900.30

CONTINU

Ia:c=AL0610110L/sucnénsuu))- .5
I7 (IDIG. uE.1D1 60
IDIGL=ID
IPEoBet ~
gng=nssa1 ns?u)

=
2=31 DO-DBLE(AI)‘DPIV)/DPIV
A(IND)=DRIV
3{% SbELy

0 80
léIHD)SLZ‘DSUBODBLB(Al)‘DSUB

ia /DR1V)

i2= 1.DO-DBLE£A1£‘DPIV)/DPIV

A(RPIV)=a2+0E
B{LI<x%1) 24 (RBTY)

LEND=E~1

IF (LEND) 130,130,110

Byl

CAIHDLS-(AZ*A(IND)ODHLB(A1)*A(IBD))

IF (K- 2Q.LL)GO 10 152
BdekE%

~ Dax
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«

Qoo

[RIRIgIRIRIRIN]

16
17
13

921
9

52)

2

0

0

0

0

0

-4
2

RECEE

MEE%CD‘

=Y.

60 L=ReiV, 1INV
D=LIkD* 1
H=g§%uvi(L)‘A(LIKD)

N
K21IV)=0SUY
ND=LINDeLY
PLV=KPIV+1
CONTINUE
55& =0.D0 _
KPIVsEPIV+LA
IND=IND+44-K
CCNTINUE
4RITE(6
PCRMAT (//2
RETURY
IDIGL=~=1
LTEOW=1

WRITE o
roaunéééz.-
STOP 1
RETURN

END
SUBROQUTINE FU

PUTES THE PAR
QLZS

N
U

(7]
]
la)

F=8

>

20
) LIRO4
. & & &
N (JOPT

3¢

3 ALL 40SAIC
ES

4

REGL
REPELSENTE
sl
i/ §L£r(£26
80
(2,60,32)
680), DFDP
g )eR

(
3 ET
i 1ﬁ

R

FEY Pt

Gt

NSTR

0dS A dD
D B

D BY THE rABEAHETEX
0) ,CS (226) ,CTH (220)

#.LLOI(ZZb)

680&6

e P
ahiezil ient

-
.

S =

FY '

PR

OF PGOR iloc.

e 2X,21I1//7)

TIAL DERAVATIVES OF THE OBSERVA
TWE FIZLD VAL

E

S

10
ES
T0
H{

TIONS
y D
CTOR
TH (22

LB

INVERSION PAILZD AT RBOW',I6)

sBI ALL
E Td ALL

g
P
6)

2CHTR, HDCNTR, JBLNUN (1920) ,8UMEL(1920)
pDED21 (68V) ,DEDP2 (680) ,DFDR3 (68Y
£2 ué ). (689) (684),

i??

2EDP
i, HF2

5, 020P4
L4F, ARS

DHORMX
£34,4PSIGI,aPSIGD,

DEDR
F
933

-~ =

6371.2/7

O o
Hs O

CATA J1
D 5),

oF2,F
3
i
/D

,32,DIST /32,60
ipstcu(220) 742

]

07,21
AGL (2

Noldelds

1
»
2
2

NxE\0o

[ gHHH
] QO ONHXD

ISR« el L e

)
D
2

)= apIa -
v
AEGION
LAZITUDZ GRID NUMBER

wn B\\\ONHUFHG—“ . e

WER
PPER LATITUDE GRID NUMBER

80ST LONGITUDE GRID NU
¥ BOST LONGITOUDB GRID &
LE SPACING IN KILOMEIER

M0ER
gBBER

DP H:CEB;JI:;- ALON (T)) *ABC
Cha=dddshod
SDP=SIN(DPH

38
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éLﬂBS FOR DIPQLZ SUB-GRID WHICH ENCUMPASSES

33,47
8) ,AP

100.
§Icn(§2o).a(3.3).
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D=5S

BD:SC!i{
A1=CT TC+STD3STC*CD P

a1=CIC'bTD-SIC*CTD‘CDP
C1=5TC*SD
AZ*‘SIL‘C&D*C;C‘S;D'CDP
B22=STIC*STD=CIC*CTD*CDP
C2=CTCss D2

3='STD‘SDP

B3=CTD*sDP

C3=CDP

ExR*B+T6T-2_  sTaR*} ]
C’SQBT(E)
C=C*E

C=VOL/C

PlaT*i1-5

F2=-T#31

Fi=TeC1

L=}

-

[ W]

[]

(2}

*

[ =)

b

*
mtgegng
LYYNT N PO

é.l-‘

£31=ce nstr 1-
aC* (D trgo
83 =C‘3r
IF (JOPT.Eu.1) GO IO 30
FIR BSTINATIHS SGORCE COMPCNENTS

>Ome
umunnn

(6.0
(=4
o
-
g4
*
Nt L -
SOUOR BN N NN NN
e O OO O DO ODLOLOUG
Bt a b L LI b b b
-

~t

LEAE K IS INITRTN NN NN Ry

o]
3
]
"y
3
*
o
W
o~ b ad ond bhd

i#D?DPQ(L03)‘P(Lf3)0YC

(X XX

30 COBTINUE
FIR ESTIAATING SOUBCE MAGNITUDES

DEDP1(I)2DD* DY 1+BD*D12+CD*D13
DEDRP2(I) =DL*D2 1+3D*022+CD*D23
DEZDP3 (I) =DD*DJ 1+5D*032+CD*D3 3
DFDP4 {I 80C*0££P1é1)08C'DPDPZ(I)*BC‘DZDP3(I)

r.ao

FR=2 DED21 -
FT=p (I)*DFDR2 1) +FT
PP=2 {T)sDPDP3 (I} +£P
Ic=p I $0PDP4 (1) exC
31 COST
P) IF LMONALY FIZLD VECTOR IN BADIAL,SOUTH,AND EAST
)Iinctxo S, RESPECTIVELY

2 IS ANCHALY IN TEZ TOTAL PIELD
37 CONTINUB
RETURN

nnnann

ENTRY PU¥2 (J02T,JCHSTR)
B3 1=J1
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CP.("‘K = ! :»;‘ e :5
OF POGR QUALITY
3J2=32
C¥E=Q.
Tuo=0-
THREE=0.
THRZZ = THREE ¢ 6371.2
. CillL PLD (GaE,TwWO,THREE)
C FLD TAXSS (ONE,TO THREE) 3 EATITUDE  LONGITULE ZLEYAII
; BETJEJS(Onz T8O TéREBLE cos_£%Cos b,Co$ L, SIN DL <INPOTED
S FRoxa IZL) MODEL, sHE&Z (I, b) ARE (IdcL ihnmxo& oacx;uarxou)
S BEAD SOURCE LOCATIGNS PUR PULL 6JX32) KEGION iNTO A2BAY D(2,00,32
20 111 J = 1,JT0T
DO S1 I = 1,6
ISTRT =1 ¢ 88(I=1)
IEND = ISTET + 5
gégg 5 5?"%3{%”3'§f°§%2 J,X),K=ISTRT,L2kD)
B =
51 CoNPINbE I ’
111 COMTINUE
3 soaunri3r1o.s 215)
. 2  rosMAT(12r6.2f
g TREAT SUBSET JF SOURCES WHICA WILL CCMPRISE TOTAL OF NOSALC 2EGIONS
0
DO 8 I=L1,I2
DO 3 J=J1,42
L=L+1
ouzsof1,s,1;
Te0=D(2,J,I
THREE=U<

€«.00)

LiT,L03 SOURCE PASITIONS

Iz L.EQ.111 ONESQNE ¢ .1

IP L.Eu. 11) TUO=THO ¢ .45

oZUol’* QONE=QNE = .3

If LeBie 112) TWO=T30 + . 4

IZ (LeEye 127) ONE=QHE - .4

LeEye 127) TUWO=THQ + .5
ALAT (L) =0N

ALON (L) =TWO

TH=0 & ARC
CTH (L) =CQ3
STH(L) =S1IX

I3 PIX SOUEZE VECTIOR OBRIZNTATIOW IN¥ 4ALN FIBLD DIRECTION

EE = THLREE ¢ 6371
C&u& ELD (OIE T1dQ, IHRBB)

!L =T JO
=THREE

8 CONTINUR
ND=L
¥pP=ND

[FINTE)

(8]

+ 1)/2
Dllg/SIOP 15
AND A PRIORI PARAMETER VALUBS

[F18]

[

o]
EZHHOL
OmaHO
E

o

o« o B

J :Oo

P
5 CCNTINYE
920 J=1,3L14
7 DSORHX JLSO.DO
CiSTia .EQ.Q) BETURN
IP J02T.Eg.0) GO TG 140

c
g IF STATISTICAL A PEIORI CONSTRAINTS ARE TO B3E IAPQSED, PROCEED
S SET A PRIOPI PABRAMETER VALUBS A¥D JOBMAL MATRIX
DO SO J=1 HDCIIR
g%?d) IPS‘J‘J)-
=
3, hoca)

LC3LOC (J ¢
oNoHEZ L&/ A0RGERT(LC) + 1.UDU/ARSIGD (J) *92

y=41,42
P(IZLNUN (4))=aPA(J)

g
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4) COYTINUE
41=42+1
S CONTIWUE
c
RETURN
Sy $ER,4 PEIOAI FARAMETZR VALUES adD ¥ORMAL MATRIX
1=1
D0 150 I=1,NDCNTE
42=4 1+ §UHEL(J) =1
F1=Q.D0
£2=0.0
F3=0. 20
110 #=n1,42
Pl=p1ess (I2Laua(m
F23P2+CC (IELNUE (&
P3=P3+CS (TELBOA (4
113 CONTINGE |
F1=F1/8UMEL (J
P2=P27UUHEL {J
£3=P3/NUSEL (3
J3=3*éd-1)
Do 120 a=a1,82
ss:st*zsLuuiju;-1)
p(als H)=apu F1
Ptu3+2]=apu {J) sP2
Plu3+3)=apu (J) *F3
120 CONTINGE
C2 (J3+1) =a2H (J) *F1
CP {33+2) =a2H {J)*F2
C2 {33+3) =a2n (J)*F3
L=J3+¢1
HP2=P2%82 + PI*P)
HP2DSQAT(BEZ)
(1,1 =F17aP5I68 (I
B {1, 2) =F2/1PSIGH (I
B Ha
= b
3 3:2 a=F1sF uz/na}absxax I
3 2.3 =33135 7dF/Dd47ARPSIGL (I
2 -
3 3:2 =-13/u32/ou/apsxcn I
B(3;3)= F2/8F2/DM/APSIGD
cail raopiT(8,578
LCaLOC (L L,88CYT
pucaax (L& ‘)=818 (1,1
DAOBRMX (LC+ 1} =BTB (1,
DNOWAZ JLC#2) =BTB (153
LBisL * 1
LC=LOC (LE1,L21,NPCNTR)
DHORMZ {LC) *BTB(2,2)
pNORAX {LE' + 1)=8%8'(2,3)
LP2=L + 2
LcaLoc (L B2,LP2, SPCNTR)
. ugggaux £C) =8TB3,3)
=
c §8Ir2(6,900) B(1,1),3(1,2) ,B(1,3),3TB(1,1),3TB(1,2),3TB (1,3
3 4BITE(6,300) 3{2,1}.812.2),3 2.3) /813 3.1).318 2.2} 96T5 (2.3
¢ HRITE1R-300) Bl il ats gl oalse3)atBiar 1) aT81{302) 1aTa (3,3
90) FORN £1ox. G1u4. 7,102,362 7)
15) COBTINOE
RETURS

ENTRY ANGL (ANG,II)
LL=0

C
Z =0MPUTE AN3LE BETWEZN DIPOLE AND MAIN EIBLD AND THE STASDAAD D238VIaTIu
c

371.2
{”) e X(2) sX(3),1968.,50,LL,A1,A2,43,44)

/AR
TDEC=PHIC/0. 0174533
TINCsARSIN(C1) «0.0174533

ANG=Q.
IF {(JOPT.2Q. 1)GC TO 9
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-~
-

[ RIRIFIRIRIRI MR ST oY ¢}

G O

Gipliearoid momim s
B L T A Y

OF FOGR GUALITY

P1=P (L+1)
%ﬂg%;
23=P (L+
3N=SCRT (P1%R 1+ 52242 3%p3)
If(ai.zg.o.)azxuau
B1=P1/&
B2222/5M
B3=237R4
LNGSARCOS§B1*C1OBZ‘C2053‘C3)/0.0176533
FINC=AESIN (B1)/0.0174533
EFDEC=ATAN2 (P3,E2)/0.0174533 )
DETERAINE IS wafCH' MOSAIC REGIUN THE DIPOLE IS LOCATED
CALL REGION (I,JOPT,IR)
IP3=Ips2
D0 20 IC=IE,IE3
DO 20 JC=I2,IE3
LC’LOC{IC JC, NPCNTR) -
Igéxc. B.3C) ° IC=LOC (JC,IC, NBCATR
2) OV§IC-IP*1,JC*IP*I&=DNURHX(LL
COSP=31%C1+52%CI+33%C
srnsss;aré1.o-cosp¢cosp)
3(1)=(S1=C052*51) / (EM®SINR
i cg-cosetsg 7 (EN*SIND
A3} ={C3-CoS2*B3} 7 [R4*STNP
SIGPHI=3. D0
DO 12 L=1,3
DO 14 K=193
14 SIGPHI=SIGEHI+a (K) *PCOV (&,L).®A (L)
12 CONTINJE
SIGPHI=SQRT (SIGPHI) / (.01745133)
A(N) =81
A{2) =B2
a3} =83
3061‘6321
) 39 12 x=1:3
15 SIGMAG=SIGEAG léK)‘PCOV(K,L)‘A(L)
SIGNAG=SURT (SIGAAG)
GO0 TO 10
3 COMNTINUE
BM=P(I)
P1==gisct
PRw=ENeC
p3= HN*C
ZISC=TINC
PDECaTIEC
10 §2§§§"2333,1 ALAT(I), ALON(I) ,21,P2,23,8M,FINC,TINC
L[] Il [ 4 ' L] [ [ L 4
D¢ inac,iuc,sfeaax S1dEAE

“WRITE 1,35% iiéuar(z),iLox(1).91,22.93.nn.rruc,r11c.
L4

FDEC,TDE

1,P2,23,) =MAGEETIZATION VICTOR CONMPOMENTS
LiT,8108) =4 AGHETIZATION VECTOR SGSITIONS
DEC,ZINC) =0 ECLINATION, INCLINATION OF MAIN PIELD
DEC ,FINC) =0 2CLINATION, INCLINATION OP HAGNETIZATION VECTOR
=VECT0a SUM OF 2AGN COAPONENTS IF SOLUTION IS POR VECTOR
RIENTATION, PQSITIVE OR MEGATIVZ MAGMETIZATION IF SOLUTION
S POR SAGIITUDE ONLY
G IS aNGLZ 3ETUEEN SALN PIZLD {PQg00272) 1ND_SALUTION ¥ECTORS
FORMAT (*Q' ,15,2F6.1,3X,4F8.2,34,276.0,38,2F6.0,34,710.49,
F10.2,2% g1o.2z§
road 8T (£3,256°1,4P7.2,2F6.0,2F6.0,710.0)
RE TURN
END
SUBEOUTINE rnnLrin,ar )
CALCOLATES TEE MATRIX 'BTB= 8 X BT
REAL ® 8 _B(3,3).BTB(3,J)
D0 20 I=1,13
DO 10 J=1.3
BTB(I Jx:&.no
BTB (I Jkasfg(x J) + B(K.I)*B(K,d)
= ¢ * P v
editihos
COUNTINUE
ggguau
SUBROUTIKE PLD (ONE,TWO,THREE)
DATA L/1/

CALL PDG &1.0,0,0HE,TIO,IHRBB.1968.,50,L.l1,32,13,3“)
CNE=-A3/A
Tig==A1/A4
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€0

0O anna §

annaanancnng

TEREE=+AZ/ab
1=0
EETORM
SUSRQUTINE LATA (INIT NPTS, LiST)
SELECT DATa i 8vEE THE SU3-GRID REGION DEFINED BY
11,12,d1,42 ;u n4¢.vsrxrxaaur
DLHESSION DE(3,00,32) ,01(3,00,32),02(3,00,32) ,D3(3,60,32)
DIMENSIOJ LE(3f aﬁéa
COMMQN/SHE/D (2,50, 32
codMaN/REC/RLA% 35& 3L08 (32) ,ELEV (32) (DF (32), BR (32) ,BF (32), BP (32)
COMHGN/CaTAST/1DAT, 1404, IC, Fa  FT, £
RZAL®3 STD, DMEAN,FT
DATA ITOC,JTQT,il,I2,d1,d2/32,6Q,06,22,32,48/7
IP (INIT.8Z.0) ‘Go To'50
I8I?a1
LL=d
420

’
IF (LE K; «2Q.0) K=ik+1
I? LE(K .bu.o A=K+

30 COgTINUB
DO 16 I=11,12
I=L+1
LL=LL#*1

16 DF
J

aazrz 36,8) Jd ,¥PTS,K
3 ?OEB 190 .0 EBOPILB' S ',15,* POIATS TIER' 12/
4 é shor 25,- v «L12/)
IF zJ.LA 32)
LB K).EQ.U) KaKe1
17 %glé & )-5Q-4)
20 CONTINUB

LaST=
iRII! (6,21)

21 gozrz é'oa -tggn OPF DATA SET!/)
22 PomAsr {157 xg 5345Ts PRO8®,I5," BROPILES'/)
RToaN

ENTRY DAIA2

#QIS=0 NO NOISE
NOIS=]1 NOISE
NOIS=0

DATA 20INT LOCATIOWN GAID

U32 DATA POINT SUE-GRID PFOE INPOT

stuuxxggn nxra BAY 3% xxpur PROM THBEE POSSIBLE z;zvnrxous 4T (I) =350,
so XM, DEPENDING OM WHETHER La(l) =

urorsnaah o x.:. ELS Osza

4F OT=TOTAL SMBE ISEUT OATA POINTS
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>4
4
m
[ 3]
-
o
d
(34
=
4
0 o
[
a - - - ~ <
n3 =] [ ] o (=] -
3 ] s - A Q
Q 3] m oy ~ 0
o 4 H 9] o) -
] . [ [ - - of
Q [ 1o (2] [ L 9o
v of o ] ] Y [
aﬂ [ |3 &~ k. ] P“
[ 1 ' ~ o~ - - ~ 49
A m._“ A e | a3
L U] L] [a) - -] Q4
ind 5 ] ] g ] oy By Ny L] =] = Uu
> P \e ] ke J ke ] L] * & o . - . N
~ o IS e . 'S 'S - - | n Q- o D
Q Q12T —_ —~ —_ ~ u - o ] [0\ Q [» ]
2 [ 1] () -y -4 %] - "M 5] e nn oy
O > ] y y - EIET%1) o " THEy
n ~340 e ) —~ - -— pr— ] oy L™ S = vy
=~ L, ] - - SN - 9 - o [») 4 wb ub wl -4 S 3-"
R PN SR S B S B8R 81 . = 5 3.3
4 b 3 QD e A= (=4 4 - . L ]
2 ] S-Au - e~ - - Laibenad = hud L ol > Rond Q M\A- LT I I L JEY - - o ] 10“
44 Mo#  Aalg mMoR A mMos AN mMOoR ‘M (L ¥y @) oY "3 n b * Ny ~4H
—_ Ot} s~ w=smn ~ oS hdey st donia] Natdall] — - M g e & o K Ledod - o ey
- Q = T”u e At i A ol o At ol ol o o Il o PR | latale leln i) E4tid on L ) R(I“
¢ [« = | 3 d e~ [ 2] [ hnd ¢« O 4 | 2d 2 —— QO L | b n (817 ]
M AR~ RN Ao~ LR =T HN+0IO~ LR T ~ o =2 00 ~ N ™M HE i (L) ~N- » Q- 3
g » MI«& < S 1] - A0 Vs My " (S [= ] fe «W .M dm&Lwnw“ﬂ IJ“.W q - -— \JD“
™~ v B4 14y M ~inHM - i) 4 4 = -4 - | - 4ty . a a3 (=] e ¢
S N =Y Lalad o]0 ] e RI0) Hde-rany muclgacl . ™~ o WDl - Lotads oY " clom [=] L ]
— 4% u.l " sty L] =124 L] =14 L] IV~ N O ¢ VNTEOMHOHONIY ) .FWIB HE s [ [ ol b
W ~13¢ 3 O B RHNREOY HHNSBAON R HNEBZRON ARNMREE 4 (O R NS o3 o ) iy hod [ 2o ] g o (34 L ]
HE B e MBS T P4 A HURNE 4400 44 O # = HIBIVONLINE o Am DU ™ 18 DOMny
NS S IR ML 1= S gl - L s i SSRRET ANIIS  ot=o  L le p S ee LR A
oy ' Lol od [l
° om Hqﬁ.‘l memzq mcwms.&uucwmw unamcmos Q00 u uw:o 1{\.‘«1‘\“!\“”:0 uy\nmnwpuOOAh“: r““mwﬂn
] Hr LU lala 1o 1) 19 14 HHMOVOUAQAOHIHEOOUM | -~ mQ 3 50
(=10 181 -] DHD v ,u - DsunumcDCDCDCSHDWCD&BESI“FDCI‘H“ESR
-
~ -y - o o0 o o
L) o the e UG~ [~ v "n
[2- 1= hand [ae LaaJ E X 4 N \0.0M -
— — -—e =
(I IS13 (N 18 ) U v (18]
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€6

32)
c

QOOQOQQMUKICOOCNILOLANOKIC.(IION0ILIG0

13-

a aaaa

Gl oo
OF POON thwiﬁf
S IS 2EINTOUT ARRAY
5&1 -E4=0) GO TO 320
gg 3301 ‘H’\)E aJ‘J 3*3 2=1
567430 h25v504 1/
f:‘“(i) 2D(1c) /CSCRT (S (8) *S (d) )
ond st
k=1
WBITE(6,720) &
KEITE (6,730} B (K)
D0 400 322,50
R=J
nq(%?onzzt,a
=
PRt £
33%%532';§3§J(<(1) 1=1,J)
CONTIAuS SR
RETURN
mwugva 15
EORAAT ',13516 2
SUBRQUTINE BLKS (SDCSTR,SUHEL, xsnuuui
DIMBNSION »USEI(1930) L L2LiGN(1520
COMMOMN /NDIE sin,al,3
SUBROUTIME BLKS IS USED TO ISPUT THE INPORMATIOu
DZFINING 1HL OLPOLES COMPRISING THE MOSAIC SEGIONS
SUBROUTINE BLKS TASK IS TO OBTREMLNL THE
ZLZMENT BUMBERS UF 2ACd CONSTRALNT BLOCK.
CORBZMTLY THi SUBAOUTINE IS GiakeD TO
A GdiD OP DIPOLES 32 X by IS SIZE.
INPOT EOR THIS SUBROUTINE SHOULD BE AS POLLONS:
AND COLJNYN NUMBERS ARE RELATIVE 10 THZ DIPOLE SUB=GRID
EGION DEFISED 13 SUBROUTIWE FUN
SUMBER OF YOSAIC REGIONS
QX JUSZES OF FIiST AQSALC BLUCK . SUAAZR OF ENTAIES PO BLOCK
COL NUMBER OF FIAST ENTRY, NUSAEBR OP COLS IN FIRST EsTRY, ROms NUM
COL BUABER OF SECOBD BNTAY » 3d8oZh OF COLS IB SBCOLD ENTRY, 20w
50% JUMBER OF SECOND MOSAIC BLOCK , NUMBEE QF ENTBIES POR JLOCK
COL UGNBER OF FIaST NTRY , UMSER OF COuS 1N zTAY 204 huRses
COL NUMBER OF SECOND RNTAdY’, UM QP COLS IN ENTRY,H0w NUMBER
NCL=J2=J1+ 1
ITOTAL=)

AL=
Do 10 ‘I=1,1920
IBLNUA(&)'O
CONTINUE
BEAD TBE NUMBER OF MOSAIC REGIONS
BREAD (9,50) NDCUTR

RITE(G . 65) DCNTR
?0531§(1 ag;'tttt'//' ¥O. OP REGIONS IS *,IS///)
=
az:né ,505 1304, w0420
30 J=1 nnaaos
znow- IR
RE { 0) 1oL HUNCOL I RO
NUAP i} uu;x; + MUAC coL
ISTRT RS-
DO 20
IELHUI(fIOTAL’K)=ISTamoK
ICK=ICOL-
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2)

3 cou
4J) CONTINUE

8d TORMAL (101,6119)

FBITE (6 ,15)
FORYAT { 730, 'REGION® ,1uk, ' NUMBEZR GP DI20LES'//)
Dori3 b §3$u§§n§§usntx1)
2
45 COSTISUE ‘

[ g]

[}

BETUEN

) EGENAT (313)

55 EQRAAT 52,19,6X,I15)
o

SUBROUTINE FDG (J 4M,NEXT,DLAT, DLONG,u,TH, UML,L X Y,4,8)
s eaosSErRs as et Do ssnb st nsssinssadssnnnnstsshosnlalntatodansnssnnnnns
J.2Q.0 TS IQTITUDE & ngLIITUDB (k8) RELATIVE TO <LLIPSQLD
ETIC CUQHDINA BSES
T FIELY COMPONEN: NURTH,cAST, VEATICAL
ODETIC COORDIMNATES

h}
g
i
gLDNG Id SPHERICAL COQEDIHATES.R%‘GEDCSHTEIC RADIUS (Kd)
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EgULVALENCE SEAIT (1,11 6(1,1))

COSMON /COEFES/TG (13,1 L

¢o pcom/sT,cT, SPh,CPH,8, NMAX, 3T,B2,BR, 8,

E3,.52XfP
18.,18) ,6T (18,18) ,SHMIT (18, 18) ,AID (33
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ORI, TROE
OF POGR Q‘JAL::Y

PARAMEIEES
100 IF (MA. 33-055£A£(5 ,101) AE,FLAT
131 PogA 12
169) AE,FLAT
/5% 'CCASTANTS USED 3 '/,22%."EQy ATOBIAL BART4 2ADIUS
L) VEARTH sECIPROCAL FLaTHSHING™™V,76.1/7)
-1./FLAT

€6

T
A2B =A2‘31 .)-ELAT‘*Z

o Auauaid‘ 1;-ELATo*4
1 - sf 17
2 s§§§§ T?‘ sz ﬁqur 4MaLTT ,¥4XTTT, 3ODELT,K, TZERG,ABAR,
3 igaigrﬁfrz 51 $2E6.1,1248,22)
. I’y a=
103 %5‘:&'&‘%1%33% UL
] 'y
L=0
#RITE (6,104) (AID(I},I=1,33
106 poimar (§eidti AIRATLe L0147 2&
VBITE (S 105@ NEA uunxi T uuxrrr'uonsxt, TZERQ,ADaR
105 POE3AT (54, 7PIEID HODEL O&D 12 L2,07012,0 1y,
65K, EXTERNAL FPIELD SOLVED Sim A0BEL 3450012728, 8,837
§32. NOBNALIZATION (x=0-SCHAIIT Jo ke loocatks) 1 1L/
G5XJ'FPIZLD MODEI ERUCH
sg{iggsaLn MODEL AEAN aAoius ! §6.1//)
TZMP=0,
5 EEAD (5.6) 5.8 GNM,HNN,GTNH, HTNN,GTTNS, HTT N8
AL N
e ise
anJ-(uxxO(l,uaxu))
G(H.A) =G U8
et
SEadalul1] (TE4E,ABS (GTHA))
IF (M.EQ.1) GG185
AN T
GT (a=1 L-arnn
gg ég-;, ) sHITHY
7 IF (N4TTT. 29.0) <0 10 107
106 GEAD (3,8}, 4, G1TTHN, ATTTHN
IF (N.E{eV) "GO TG 107
:rgg.cf.ak $70% 106
GITT (8] =GITT1E
1z (3. 26 1) 0 10 106
GI1T1ac1,H) =4TITNE
07 Qektudd’
IF (GDEXI. ¥E,0) READ(5,102) B1,EB2,E3
102 nggérl §,33§. )
3 roanxégégb ¥ 8,6X18G,30X1HH,9X2HGT, 9X2HHT ,8X3HGTD,
58X344TT, 44 GTIY, TX4HATIT/ /)
29 15 g4t
aI=s=t1
H.EQ.1) GOT010
I ﬁ.sf?ualrmtl WEITE (6,9) N, 8,6 {8 u),s(ux.u),
o6 dh SR (L) B IR AR o nr
6GT (M M) ,GT (AL ‘) GTT 5.&),siriuf ﬁ),&ré ﬁ,Lf,Grracaz,u)
3 ¥g rér %x3.3311.&)
10 %gugfcrfuuxrtr) WRITE(6,11) 4,4,G(H,H),6T (N.4),
é 3 ; xug:zz} BRITE (6,11) ¥,4,G (N, H),GT (E,4) »
1 sGTaé Jﬁii P M, rtaa, 1x, 21100, 112, E 1T 0)
uonaxr.u .0)#RITE(6,108) B1,E2,E3
108 ORMAT (/ /5%, Lrnn. 73F10.2)
13 FOS8AT (131 S
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IF rzap.;q.o.& L=-1
14 IP (KoiZed) 601017
SHAUT(], T 51
DO 15 ‘%2, saiN
SAMIT (i, 1) 33HMIT (8=1, 1) *FLOAZ (2%ii=3) /ELOAT (N=1)
SE4IT {1,8) =C.
Jg=2
20 15 m=2,¥
SdMIT (¥, ¥) =SAMIT (8,4-1)9SQRT (PLOAT ( (d~#+1) #JJ)/FLUAT (§+8-2) )
) SHATT (= 1,N) =SEATT (N, )
15 J=1
20 16 N¥=2,32XN
3°u1g)u:1i"a)t=auzr N, %)
e fl) =3 P < ’
61 {f . R u,u)tsaafrfu,u)
GT éﬁ' 23 t(u,ugtsau T a%
IF (N4ZTTT.GT.d a0 NeLZ.8] GTTT (N, 8) =GTTT (N, M) *SHAIT (b, ¥)
IF (3.23.1) Gaiote
G(¥=1 NLSS 5‘1,3)*5351?‘{5'143)
G éu—i N T (8=1,4)%SH réu—1,u)
GTT (=1, ) =G2T (8=1,8) *SHH Téa-!,u)
i b agggr.s v0.d¥DeNeL2.3) GPTT (B=1,H)=GTTT (4=1,8) #SHALT (4~1,8)
B
17 T=T§=TZ230
DO 13 u=1,48AX
DO 18 X=1,1
TG2=0.
THI=0,
ir(s.By. 1) 60 10 279
Ir (8-cY.d 1111) 60 To 210
TGi=GIZT (N, 4)®
TH X=GTTT (§=1,8) =T
210 IF (N.GT. saxtT) Go TO 220
TeL=TTGE + GIT(a &) T
THi= " (THZ + GT1(A=1 N} )e7
220 I?iﬂ.hr.uulxt) o ™ 230
TGi=(TGX + GT (5, M))*T
TH 2= {THX+GT (8= 1, ) ) *T
230 TGZ=TGZ*G (N, d)
TAI=THIG (4~ 1,H)
TG (8,3)=T3Z
TG (4=, 4) =THZ
Go To 18
272 CONTINUE
IP (N.GT.N4ITTT) GO TO 240

TG2=GT1R (¥, ¥) *

280 I7(¥.GT.u44i%?) GO0 TO 250
To= (TGX oG TT (M, 4)) 4T

250 17 (JeGT.ddiXT) ‘GO TO 260
TG 2= (TGZ+GT (B, ¥) ) *T

260 TGI= T6X+G (N, 8)

18 CodT
TLAST=TH . :

19 DLATH=DLAT/57. 295779500
SINLA=SIN (DL

.595779500

Ui ~J
«~Jk3e

saa-sxntaxouc
IF (J.Eu.d) $07020

¢ IS GEOCENKTRIC RADIUS WHEN J=1

.08

3=Q
CI=SINLA

G0 70 21

0 SINLA23SINLA®#Z
o IS GEODETIIC ALTITODE HHEY J=0
fiT=Q

oo

CuSLA2=1,=SIELA2
DEN2=A2-12B29SINLA2
DEN=SURT (DN 2)

GSshile eI IR AL 2
= 3
B=SQET 43982 hGur St iathi .z soen)

21 ST=3¢a2(1.=CT#s2
NMAX=HINO{NA Y, KAZY)

NEXTF2NEX
CALI 43G7
Y=5P
F=B
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[ SI¥]
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17

IF (J) 22,23,2:
1=-3T

Zz =38

RETURN

T2ddsPoaas 71210 1
SIND=SIBLA*SI-SuRT
COS0=SyBT (1. 0=-S14D
I==3T%C050-Bk*SIND

Z’BT‘SIND'&R‘CCSD
fiposd

IF (P(1 1) «EG.1.0) GO 10

kg

FH (8
spﬁg%(uﬁa;-zxoar((u-Z)'-z-(u ~1) #32) /FLOAT( (2%8-3) ® (2%8~5) )
cpfz =Cpi
=s5P CE =1} +c2 (2) 352 (8-
Lfacpﬁf TN SE 3R |
iasaonees
BT=0.
8p=Q.
B=0.
8 §=2,duax
a-xoatnﬁ
a8
i
x =srt é
| =51 Fa2d il 1) vcre (o 1,01
p(u.n)scr-p(u-l ) <CONST (N, 8)*2 (5=2, 8)
NOTE : CCHST (2,1)=0
=CT#DR (N=1,8) -ST*P (4= 1,dL- «DR (-
e;ﬁabxﬁ DE ( ) -ST*P (=1, d)~COHST (N, ) * DR (-2, H)

IF (A,
Tz S ﬂ!‘CEJH)Oh(H gé
gg’gp‘zg(ﬂ.!)‘ £ (8) =G (8 ,B) 2 (4))*FM (M) *PAR

HP'G{ .!;‘C?(!L R
BT=8I+1EMP Dith E‘A‘
BR=BE-TEMP*FN(N)*

.0
ISRI(B!‘BTLBE‘BPﬁ
QUTIdE KEGIQM(X,JQRT

P
3/8LOKS/EBCH n,uncu&x.ixxuuu(tszo),nunzL(1920)

5 J=1, ¥DCET
el (3)-1 .
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«2Q.0) IP=3*(JEEG=1) ¢}

ISE EXTELD
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38=Ba~T1

32=BP+Z2%52E~E3*CEH

8T=8T+T2

BETURN

ENT _
// ELEC OLINK3Od,3ZGI0N.G0=100
//7G3. PTOSP0U1 DD’ D5¥=F9#4G. wiC
77 DD D3¥=7C AN, LNV ERT
VY DD DSN=YCDH#,INVEkT.auEA
//G).ETU97001 DD LS¥=YCCA3.CON
7/G). FT10P001 DD DSH=YIMAN.KTY
77 2XBC YOTIFYTS

50

I

SP=SHR,LABEL=(,,,IN)

ﬁxifzgéaiL‘aéﬁf(""“’
= Fe

aba,pIsp=544

ISP=3HR,LABEL=(,,,0UT)



BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

APPENDIX B. FLAT EARTH PRISMATIC MODEL

The flat earth software employs the prismatic model of Plouff
(Geophysics, Vol. 41, pp. 727-739, 1976) and the linear least squares
algorithm described in Appendix A.1 to estimate the magnetization of the prism
blocks. The program will operate in two modes:

a) adjust source prism magnetization vector with the direction
forced to lie in the main field direction.

b) adjust both the magnitude and direction of the source prism
magnetization vector.

Data input to the software is any combination of AR, , ABg , AB¢ or
AB . The local coordinate system utilized is such that x is toward the
east, y 1is north and z is down.

The anomaly data input is accomplished in Subroutine DATA via unit 14
in the same manner identified in Appendix A.3 for the Mosaic Dipole Program.
The data sub-region is controlled by the variables 1I1, 12, J1 and J2
defined in Subroutine DATA. The order of input is AB , AX , AY , AZ where
AX s the anomaly in the north direction, AY 1is the east direction and AZ
downward in the conventional magnetics notation.

The input defining the prism corner points is accomplished in
Subroutine BLOCKS via unit 12. Information is provided in the following
order:

a) Number of prisms [format (I5)]

b) Number of corners for prism I [format (I5)]
{1at, long, flat earth X and Y position for each corner point
[format (2F6.1, 2F10.2)]

c) Same as b) for prism II

z) Same as b) for last prism.
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The following variables are set in the main program:

ND the number of prisms to be used.

ZF the height of the grid of anomaly data to be used in
kilometers (note, negative upward).

11,72 the depths of the prism bodies in kilometers.

JOPT = 0

estimate source components Py , Py » Py

estimate source magnitude only, with direction along main
field.

L =0 do not process AB. data
process ABp data

L2 =20 do not process ABg data
process ABg data

L3 =290 do not process AR 4, data
process AB4 data

14 =20 do not process AB data
process AB data
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APPENDIX B.1  SOURCE LISTING
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(1 g1 8]

Qin

(e eI R IR IPIRISTRINIRIRIIS]

(.0

[£)

14

#Nd1 JOD (PBG02,377,2) ,PLAD.EARTH, TINE=(01,00) ,NOTIFY=YCDAa,Cid55=a
BARN qqaaé:sarch Ve ! ¢ Ve ’
ZC OFOATH,P AK B=ZREF
IN DD = 3
DIAENSIIN y (S) (SHSAN (3),S1G 3 ,ans*S),sno 3
DIMEJSIIN 0(1 56,au( %) DR ( 2cC
cgggggfgégfpi{&)'%%B§?1&°ﬁ$3 ‘3% %g):r § g‘&v ¥D,21,22
X ’ 51030 ’ P2 .
COMMCN/DMAT/D.  ° e ‘
COMMON/N DL A/ NDIM
CQUMCS /PGS /UPRISP ¢ XLAT (4) (LLOB(4)
REAL#®8 D,0fL21,0FDB2,DF0P3,DsD24,0ED2,0%,DR, SUMD,DC, DCC
DaTi 11,12,d7,52/06,22,32;48/
JaTh JcSEpa/17,L1,18,L3,L8,30eT/1,1,1,0,1/
DATA DEL,KSd,T88/252434,14-79400,2.51520/
LOC(I,J, b0TH{=(J>1)*¥DIA=(J**2-a] /21

¥D IS TiH2 SUMBEE OF PRISNS I0 BE ESTIMATED

ND=3
¥P=¥D
CZNTER I0JGDINATES OP PRISAS
LLAT (1)=42.
¥eos fil=e6
%.baﬁ 2 3%5.
A = -
4123
!L l 3)885.
I?éJOPT.n..O) NP=3%4P
PRISP=N2
nnxusjapt(up01))/2
DO 1 8DIN
°‘é&‘ .Db_
FACTOR=7.5%25.4
JINE=0.
THO=0.
THREE=0.
THEEE*THEEE+6371.2
CaALL PLD(OBZ,TW0, THRRE)
BLOCKS
CaLL Dali
ANGL
JCOEPE=0) NG PEINT POR CORRBLATION MATRIX
JCORPR=1 PEIHT CORRELATION MATBIZ
JOPT=0 I'D ESTIMATE SOURCZ COMPOMNENT
JO2T=1 D SSTIMATE SOUBCE MAGNITUDES GNLY
L1=] IJ [NPUT EADIAL PIELD COMPOMNENT
L2=1 I) INPUT SOUTH PIELD COMPONENT
L3=1 I) INPUT ZaST !IBLD COAPONENT
Li=1 TD INPUT ANOMALY IN TH2Z IOTAL )
PON REPURNS CCRRESPONDING COMPUTED QUANTITIES
a=Q.
Po.
¥A=0
88=0
LAST=0
M=y
IRIT

2ERO RIGHI HAND SIDE

Do 2 J=1
DHjJ)SO.b

INUE
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(#1R]

Qa0

aaa

[R1NIF]

71

EATA HBELGHT
ir==-325.
DEPTH OF PRIsSHS

.61E?FACTOE

f G0 To 20
IF=(( «32)*PACTGR
d=ArAB
B=B+AB
NA=dAe+

R0 ™ ™ 6
FOMNICy W™ % b=
——00¢ TS
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[]
=
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2
YNNGy WEN 1171 =2 TN Y T
[P
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uvine s e
s il £ Lo o,
[ 3Ll i1l o]
88 B-betEI B

L3 4 3 e

P0EM RESIDUALS (OBSERVED-COMPUTED FIELD) DY POR VARIOUS INRUT

DO 79 L=}

GU IO 71 72 73,77) ,L
COHT{? 0) GG TO 79
ux.‘ . Sl

St g

72 C0

73

17

70

~ui
0

15

BTINUE
Ir éLZ.BQ.O) GO TO 79
NE=NNe1
DISéBT’J «L}=FT)

CDHT
F(LJ.&Q J) GO TC 79

DYSéBPéJ «L)=FP)

CONTI
IF éL“iba.O) GC 70 79

;éDPéJ 1) =1C)

FOR4 D# 43D D MATRICES
2o 3 JJs=1
D (3 SDB(JJ)OD?DE(JJ,L)‘DY
AL (3403308
DO 5 N=J
%‘Ié“ 4 i Z) + DPDP(JJ,L) *DFDP(Y,L)
+ ’ ok
ety
JRITE 6.7) 88,58, 1,3, (P, YP, 2R, BT, FR,38 (J, 1) . BT (J. 1),
£8§%£§ (4L5, BEavs! 5 213 5, %& 4210.2/) .
I?A}uu.nr.ue GO TO 400
A=a/PLOAT (HA
BsB/PLOAT [4B
DO_15 I=1,4
QéS)s\J(SH% I
BdS (1) =saR (g (D) "‘L
SHERN(5) Ssak X8 (5§ +SuEaN (I)
SMEAN (I} sS4EAN {T) /NA
SIG(I)=SCaT (kdS( )“Z-SHEAN(I)“Z)
BAS{5)=SyaT gésgl}
S4EL} (5) =5 %510 5) (u:
szsés;s T (54575) s+2=5024u (5) +22)
BITE(6,111) &
YRITE (b 223 B
WRITE (8,3 BAS(I),I=1,5)
WRITE (6,444) (SBEaN(L),I=1,5)
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WEITE {2'555"513‘f’111"5’
L] 200 i =1,2
IF (L1.280) Vodudt '6,“”,
IF (L2-Ze. 1] WBIZE {6432
IF {L3E%.1) WEITZ (6,43
If |L3.5u.1) 4BITE (6,44
IF {JOPT~i. 1) WEBITE 16,45
; IF (JOEl.2g.0) WRITE (6,46
dBITE (5,11} 4D
SEITE (8,10] §P
SRITE (6,23
¥BITE (5.95) (E(I),I=1,8P)

COGMPUTE CHECK SUM COLUNY AND INVERT D 4ATEIX
DO 6 L=1 6NP

[¢IRI¥]

3 .
uL’LOC(u' §P),
IF (L. LEad] Lc=L0C (8, L,N2)
3 3amsSuaR v uc)
&L 23288 vz, w2,0,0000)
POE¥ PAGAMETEE COKGECTION VECTOR DP

Do 530 Jll e§F

.60

]

K

), J +

530 CowbL¥GE ";
?

_ 6,30
58 PORMAT
t X y

[=1"]
-
-

5% 1

. 12 SIG(D)=
é CI8PABE DATA SITHE SYNTHBTIC PIELD CQAPUTED PROM PABAJETEs SOLUTION
dEITE (6,80 :
30 BOEALD 1'31 16Z, *BADIAL',13Z,'SOUTH' ,14X,* ZAST?, 12X,
#oTOTAL FIELD® )
29 399 1:11:13
=
§§s Agig);néxoxsn-sa gg)trAggga
!rag 1-1{-%zzozsu-9.52)trAcron
CALL 70N (302
§BITE (6, 33) | uh IqdeBR 1) ,R,5% (J,1) ,PT,B2(J,I) ,BR,DF (J,I),IC
B=D+A3S aafa 31258 waABS (BT (3 ,I) =£T) +4BS (BR (3, I) ~FB)
it
> 3
39 *1:.3:3 is 271.2)/)
e (DF(S.2)-1C)* (D Jo1)=1¢
2‘0&53 J,Ii-?i *l5R (3,1} -FR
hEei PRESS J.1 =E1) (3T (J.0) -21
“)83 )+ (BF (3 T)-EB)* (BB (Jo1)-7P
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. EELATIVE TJ) CENTER POINT AT 374,85as
3 FURHAT iZIS)
RE wESH
1 FORHA s
DO 2 I=1,8254

LR

L01205) &5
uuaa(1)=ua
3  READ c4) ALAT,ALON, X (L,d),1Y(I,d
3 eoaux 2 6.1,<F10.2) (£ed), 2Y(Ld)
f ) cLiT,cLoN, 1k, ¥YY
2 conr yog"
DO 6 I=1,8254
H=HMBR (1]
BRI’;B 6,5) I, X
Sl (i (Lod) =38.61) 27,5925, 4
= A - - - -
11 I'Jg:(é 3 2)3?.;5%;53?s25.4
Py
3 FORMAT (%F Ho. ) )
7 CONTINUZ
5 CONTINOE
ETUE
END
%gaaourzsz FLD (OWZ,T&0,THREE)
ds
CALL FDG  (1,0,0,0ME,TH0, IHREZ, 1908.,50,L,41,42,43,A4
CdE"AJ/ ( [ ' [} rbo '] . )
TaOz=a1/
rugs;-oxz/xu
E2T02M .
SUBROUTINE FOG (J,RM, NEXT,DL T, DiONG,y,Td, N8 X,L
et e et e e e ‘tt“tt‘tlt“.t‘t‘.tttt‘tl#t
J.2Q.0 LHNPUTS IATITUDE 5 Q=aLTITUDE (K4) RELATIVE TO ELLIPSOID
GEQDETIC COORDINATES
J.EG.0 GIPUT EIELD COMPONENTIS MOBTH,ZAST,VEAKTICAL
IN GECDETIC COORDINATES
J.NE.U Lal.5LONG IN SPHEBICaL CQORDINATES, ¢=GEOCENTARIC RADIUS (Ka)
J.NE-O JUT2UT PLD COMPONSNTS MOBIH,E4ST, VERTLCAL I¥ SPHERICAL CJ0&
Y4.Eg.0 USE DEFAULT VALUES As-637a 16, 4FLAT=298.25
19.4E.) INPUT VALUES FOR aZ,F ¢IBST CALL TO #DG
¥EXT.EQ.0 39 NOT 3EAD INPUT VALUES POR ZITEANAL PIZLO PAa4METEZES
ddEd L IS Gagalzd Iald
{EXT.£9.0 DO 40T EVALUATE EXIER PIZLD FERGM MUDEL :
NEXT-NE.Q 8zap INEUT 7ALdzS Pon BroEanED Yootk RrEns s
SLa
SEXT.¥E.O EVALUATE EXTBRNAL PIELD HODEL
DLAT GEIDETIC LATITUDE IN DEGREES WHEd J=0

GEJCEMIRIC LATIIUDE IN DEGREES SHZN J=1
JLONG LONGITUDE IN DEGREZES

GEQODETIIC ALTITUDE (KN) WHEN J=0
GEOCEUTAIC RADIUS (KA) WHaN J=1

ynax J4II808 DBGRBE AND ORDER OF CONSTANT TERMS OF PIELD 40D:L
P E ey " PIRST ORDER TINE oy " "
NEAZITT ot ' ' SECOND " " " I "
NAXTTT " " ® THIBRD " d " . "
I.EQ.O PIELD HODEL COEPPICIENTS SCHMIDT NORMALIZED

{.¥E.0 FItLD MCORL COEFFICIENTS GAUSS NORMALIZED

LZERO E20CH TIME POR PIELD MODRL COEZPPICIZNTS

ABAR MEAN BRADIUS USED IN FIELD MOREL POTENTIAL EXPANSION

(PEFAULT = 6371.2)

J0DEXT.E2Q.Q0 %0 EXIAHIAL FIELD. SOLVED &4ITH MODEL
HODE‘T.H%-J EITER NAL PIB&D SOLVED WITH MUJEL
L.E%-O EVYALD AI FI&LD

t«6T.0 ACaD IELD SCDEL AND BVALUATE FIELD
C.LE.O BVALUATE I$BLD AT OLD TINE

ONLOONOLIGEOOLIGCOLIOOHIOOOOONIONOOOOTHCOOOOGNI0IOL. LO0K)
"~

SEELAAESELERE SESE 29SS SSSL VLTS L SE LR E LSS SASH IS ST RSS S BASE RS LSS ZBN &
BQUIVALENCE (SBAMIT(1,1),TG(1,1)).
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T(18,14) ,5iM¥iT(18,18),AID (33
4‘2(13') { )e (33)

Zmes OO0

it
i)

NG.Cn Oy

378.10,298.25/

«2/
00 110

AATH EADIUS AUD FLATTEZNING FACTOR
ETIC-GEQCENTEIC CUOQEDINATES.

IISZLF IS INDEPENUENT OF THUSE

[l e

B WOOs \\
limlz&Epim e
s el

e B O C
FeoaN N>

[ lals] ™ [< ¥
et sia A S 34

g
B SO ORI~
Ol \\ 1

Om -l-a

o I TT IR 1o 1o ] S S Y VT =™
?H

: Ew O OB
o rO -
"o =

A%}S +101) AZ,PLAT
iE,FLAT

cc&s;‘urs US=D : *'/,22X,
EaRTd &ZCIPROCAL FLAI‘

«/FLAT

rilxtx wrl o
=g Mt O
(n

E
6
' 'EuUATORIlu EARTH BADIUS
ENING 0. 1//)

-0~ g

9,17
'utir ¢ J8AXTT 84 XTTT, MODEXT,K, TZERQ,ASAR,
t, 1244,42)

gi,'NOR!ALIZATIOH

X, PIELD 4GDEI ZPOCH I',P6
52,*FIZLD 30DEL 4zAN BADIUS
AAig )

,36.1//)

’EHE,GTHB,HTNH,GITNB,HTINH

[]
.

£ 6% 403

05 READ(5,102) E1,B2,E3

ESI\—JR

148G, 10214

N6 9X2HGT, 9X2HAT,8 X3HGTT
oo PY 12595 ¢ ’ ’ ’

(W

L]
[ T T

8
9‘“367
2,8aXN
=1, 8

o IX § oMo OH
ﬂ

e
QEQ.’

& GOTO010
(N.GT.¥MZLTIT) Wk ITE (6,9) ¥, 8,G (¥,4) ,G(aI,N),

59

aoaahao

r



BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

3)GT (42 8) ,GT1 (i, ) LGTT(MI,N)
R KRHEAE BT St e s
3 P0m1$1§5§3,8?i1.ﬁ3' (808) ,GITHL, N, GTTT (3,40 ke 8)
GO T0 12
10 CONTINIE

ir H.uI.N!XTIT) WRITE(0,11) ¥ ,8,G (N, 4) ,3T (N, ,H),

oGT
12 | ut:&.uuxuq WRITE (6,11)8,M, G (5,4),GT (4,8) ,
71PN
11 Logﬁ dﬁﬁ SN RTTID 4,11%, P11.6,112,P11.4)
I¥ (3QDELT 4z, ¥AITE(6,198) E1,E2
198 B0 ;ahl -rwf -138h. §) - 8- 53

Do 15
SHAIT N.lf’SndIT N, H-1;‘SQRT(PLQAI((H—E01)‘JJ)/?LOAI(N’H-Z))
Sgﬂl! 1,4)=SH

DO 16 gSZ.HAXN

G G (i, ) #SHAIT (N, 8
éé -or x)u SSLRITYS )

u ):a.u' (u,ursan T( 8

1T Qsa a.u.x.a.a)c TT (N, M) =GTTT (N,d) *SHMLT (N, )
.‘ .~‘u-

a- i edt u-1 sn“ﬂ!-"‘“
r.x—‘ |

. Tlas P uy s (ETn
h.sx o.uo.u.x.z.a)c r (47}, §) =GTTT (-1, ¥) *SHHIT (a-1,8)

-
~on

DO 18 u'1 ALIH
DO 18 M=1,
TGX’O.

THE‘

IP IL GO 10 270
3.G TTT& T0 210
TGLSGITT

u} T
210  IF (§eGTa uxix Go rorzzo

G
220 IF (He T.NgAKI) G

230 IG1=

27) CONTINUE
ir x.cr.uaxrtr& GO 10 280

TG=GITT (M, H)®

240 IF(¥.GT. ai‘ T) GO T0 250

Tgis (TCXeCTT (M, 5 »T

250 IF (.eI. ) 10 260
TG =(TGX9¢T§B 1))

260 TGi= TGi+s

18 Egﬂfﬁbﬁm ' )

TAsT=1d

19 LAPE=DLAT /57, 205779500

AT T ATR)
m.onsanx.oic/ﬂ. 95779500

CPH=COS
RLOIG

SPE’SIN
IP (J.EU.J) GOI020

Q IS GZOCENTRIC 8ADIUS WHEN J=1

(o1 #18]

a=Q

CT=SINIA

GO TO_21
SINLA2=3INLA**2

[R1 ]
©
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 203E11C LIITOBE sgEs GF boos !
h%iQGAOuLIIC abIITODE &4BEd J=U OR QLAL’TY

LA
)SJNI.A.Z
UakdddurRgiLip AL 2
ESSguEJ

ST=5yR

NHA‘=HI§0{JH( BAAN)
NEITF=

CALL Y4AG7F

YSBP

éJ) 22,23,22
X=-
22=BR

RETURN
TEANSFPOR NS PIEID

BTIC DIRECTIONS
S¢HD=>INLA‘S¢‘S a42) *C7T

0 GEQ
(COSL
$%7)
Z=BT'SIND'BA‘CCSD

EEEUBJ

SUBROUTI & M
COAMCH /COEFF
CO4MON/F LDCO B2,E3

238} oy B, MAX,B3T,3P,B ABaR
d/STa ) 5 p I & ﬁe)‘c.éné),:u(ia) A

I B (18,18) ,Coust {1818
IF ‘9(11” .Bi.1.0) GO 10 3

Dé i{1b=o.

&b

00 2 §=2,18
£H (¥) =¥

DO 2 =1,
F (a

oYMAX
=SP(2 *CP (M=1) +CP (2) *S2 3'1’
C SL? 2 *CP 3—1 -5P(2) *sP (u-1

"L’ 6 A

Dg ﬁ =3Ts 5(!—1 N=1) +CT® (N=1,8=1)

p(u.u)acroe(u-1,u)-cousr(n,a)ce(u-z,u)
HOTE : CGHST (2,1)=0

gié! HL'C!‘DP(N-1 s84)-ST*P (N~ 1,H4) -COUST (N,4)*DR(N~2,H)

u‘
IE!A’ 9 !;‘CP;E)*G(H-1 .é
BP*BP-‘ \i M) SE (M) =G (4= l) P (4)) *FM (M) *PAR

IZHMP=G I )‘ P‘HL
BI=BT+1E3P*DP ¥ l‘lﬂ

BASBR-TauP‘II

8P=BP/ST

IF (NEZT.GT.0) CALL EXTELD

B=S AT (3T 3T+BE*BP+BH%ER)

BRETUEN

END

SUBRQUTINE DATA

gguﬁogﬁqagqa(60,31),r(oo,31),9(60,31),3(50,31)
[

READ (14,72) (8 (J,I).d=1,00

268 3 G urh e

b sl) 4d=1,0
Do 3 f=1:31 {
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HSKTIN{Z2F‘02/(PP‘RZZ))-AI&N(ZZP‘D1/(EP‘B1Z))°

*ATAN (Z1F*D2/ 2 F*R21) ) +ATAN (2 1P*D1/ (PP*R11))

11 CONTLINUZ .
V1=V1+45C*F=-C2%4 Lo
V2=V2+SCea+C2*F P L

v3=v3¢cé1%tg T
VSaysaaiz) sc
= J-
V6=76+a
3 COWNTINUZ

c
N IF (JORT.Ey-1) GO T0 12
g POR BSTIJATING SOUKCE COMPON ENTS

DEDR1 (L*1) =¥5

DEDP]|L+2)=V3

DEDPI i+ 3) =Vd

DEDP2 {L+ 1) =V2

DFDP2 (L+2) =¥ 1

DEDP2 {L+3) =V 3

DFDR3 (Lv1) =Vi

DEDP3 |L#2) =V2

DFDR3 (L+3) =v5

DFDP& (Le 1) =Lisv2 sasva snnys

JEDPY (Le2) =LLSVIeuV2+y3v3

DP4 (Le3) aLLOVI+ASV5+li* VD

FR=P (L*2)$V3 42 (L+1) #7S5+P (L+3)®V6 + R

FP=p [Le2) #V2+P (Le1)#vaep (Le3)*V5 + FP

ET=P (L+2)sVT1+p (L1} #v2+p{Le3]8V3 + FT

IS=2 [LAT) SOFLEW (Lo1) +2 (L+2) SDFDRY (L+2) +2 (L+3) *DPDRY (L+3)+XC

GO
12 CONTINUE
FOR ESTIMATING SOURCE MAGNITUDES

DFDP1(IL)= (LL*V3+HSVS+ Y6
DEDP3 (ILj=(LLeV2+d*VU+NEVS
LEORP2 (I 33

=

[T

LL*VI+dsV2442Y3
LE(ILOVI+MIV2+H3V3) + 4% (LL*V2+a* V4 +N®VS) +

DEDRY
* A (LL*VJeASVS+N*YE

PR=S(i1) SpEDYY (LI) PR

£228 [I1) *DEDRZ (11 +ET

PP=p {TI} »DEDP3 (I1] +EP

YC=2 (T1) #*0ZDE& (II) +1IC

31 CoNTINUE
= 4aITzZ(s,797) II,0FDR)(II),DEDP 2(11) ,0PDR3 (1), 0F 024 (I1),
2 LL,Medgv1, 3 3,V4,Y5,76,2,Q, 4, 2P
707 roaﬁn;é;u,sx 12,3F6l2,85622,38557)
57 CONTINO

BETURN

EETRY ANGL

AINC=70.

DEC==5, . _

aRC=.01745

LL=COS (MLUC® LiC) +C0S (DEC*AAC)

N=CJS (AINC*AKC)*SIN (BEC*AKC)

§=SI¥ (ATNC*ABC

o

SUBRQUTINE HAGVEC (J,I,PX,PY,PZ,RdI,PI,PD,SIGPAL)
REAL*8 DBHOEAX 1§
DINENSION ECOV(3,3),a(3)
COMMON/DHa1/DNORBX
CONMON/2QS /D, ZLAL (4)  TLON (4)
LOC(Ll,dd, WDIA) = (JJ=1) $WDLA = (3a**2-04) /2 + II

ABC=, 0174333

F1=70.

ED=-5,

BeSQET (pree2epyssenzssz)

pL=12si¥(P2/2)

PD=ARSIN {PY/ (P*COS (PI)))

PZ=SIN((FI})* A

Z¥=COS ({PI)* (AEC) | *SIN ((FD)* (ARC))

FX=SQRT (1. =PYs82=p2e%2)

PHI=XRCOS{ (F XSEX+F{*PT+F2*P2Z) /P)

PI=(PI)/ (ABC

BRT4TRL 05k

=

1Y
B2=PZ/P

B3i=2%/P
CHE=ILAT (J)
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&

SWURT (SIGPHI)/.0174533

Qoo mririn
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#ho

-0
Y
3328

TNE N W Bt
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-32&;&»

CORLPR (D, S ,HOR, BT)

YUREIE] coluty

IR b’ I=uds PTR J=cOL PTu

AY HOLDS BORMAL EQUATIUNS 0% COVARIANCE JATRIX
2BINTOUT ABEAY

IP(HT.£Q.0) GO TO 320
300 3=1.53
‘=§J-l)‘léa-éJ*J-J‘J)/Z-I
00 1=J,50

LC*1

I FLEOCE N 8 NBIFIQENIH W
o~

o —m Erp

mcngg
E&

2r8EB

L=y
=1
‘LL.L%.‘I)GO T0 900

=LL
agN-LL
De-LE

90 K=1,LL
IupsINDeLY
KPIV=LND+1
LEND=K=1
TOL=A (KPIV)
D0 80 I=%,LiL
INO=INDe 1

8uLIRhne &g
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10
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150
170

130
921
930

92)
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// EX
//G].
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DSUd=0.D0
Iz (LEND) 30,30, 10
L =
LIND=I-K
DO 20 i=1,LEND
DSUﬂ-DSUBOAéLAEE)‘A(LANPOLIHD)
LANP=LaNZed
CONTINOE
DSUA=A (TND) - DSUM
IF (I.4E-4) GO T 70
2304 990, 90C, 40
CONTINU
IDIG=ALGGIO (T Gfsncnénsuu))-
IF(IDIy. LE.1DIGL) GO
IDIGL=IDIG
TEON=T
npzv:ns*ar;ns
a1=(1.037
2: 1.00~DELE (AI)ODPIV)/DPIV
DL DRIV
JIHDL=A2'DSUEODBLB(AI)'DSUu
CONTINUE
20 152 &=1,LL
DPIV-A xpxﬁl
A1=(1.00/D21IV)
A2= 1.DO-DBLE£ L‘DPIV)/DPI'
A(XBIV)=a2+DELE
B{LL=K+1) 24 (KFIV)
ND=K=1
IP(LBH llso 13¢, 110
LEir
AT px

AK -3 LL)GG IO 152
KPIV!KPIY-LH~1
NP =

+D3LE (A1) *DSU
140

léIlD&*E(AZ‘l(IHD)'DBLE(A1)‘!(1ID))

éALIEDbSA(LIHD)ODSUH‘A(INDOL)

O B = D O
HOONE o

o
3]
[Lalal
<
[(Gapdaiils]

oLL
Iv,IND
L) *A (LIND)

[=]alelw]
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iBITE} 921} LIDIGL,LTROW
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LTROE=I

iRITEéb 920L LIROH
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STO

EETUBH

NKGOH ,E EGION. GO=500K
01 DD’ DSN=F9#4G.GUCOZF
DD DSH=YCOMH.INVZET.AR
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/7 DD DSN={CD4M.INVERT.AREA (DELTAT) ,DiSP=SHE, LASEL= (4, psd)
//GI.FT12F0Q1 DD LSH=YCDMN.SCOT MOSALCl  DISE=SHR LADEL= {y,,I¥)
7/3)<FT148001 DU DSHaTINAd.US.AREA-D0.08Td,0I5P=5HR,LaBeLs, . L
//G).BT162001 DD DSN=TINAM.US5.dREA<ui.Dali,dISP=SHR,LABEL= (s s I
//G)e2T188001 DD DSH=YIMAN.US.aRPA-DY-DATA,DIS2=SARILAGEL= {yy oI
/7/G). ZT20F001 DD DSW=YIAAN.US. ABBa.DuoDaTa DISe=SHK G LABEL= (g4 L8
/7 2%sC NOTIFYTS
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Table 1

Table 2

Table 3

TABLE CAPTIONS

Summary of regional prismatic model computations using a simple prism
model (Figure 10) for the Kentucky body geometry.

Summary of regional prismatic model computations using a detailed
prism Figure 11) model for the Kentucky body geometry.

Summary of Mosaic Dipole array model computations using the regional
geometry shown in Figure 17.
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Figure

Fiqure

Figure

Figure

Figure

Figure

Figure

Figure

3a

3b

FIGURE CAPTIONS

Equivalent source representation of the magnetic anomaly field at
height of 325 km derived from Magsat data. Units are nT. Albers
equal area projection.

Apparent magnetization contrast in 40km thick layer, obtained from
Magsat data. Contour interval is 0.1 A/m. Albers equal area
projection.

Bouguer gravity in the vicinity of the Kentucky body. Contour
interval 6 mgal. Refraction profiles in fence diagram form from
Warren (1968); depth scale marked off in 10km intervals. Inferred
position of Grenville Front in heavy dashed line. Light dashed
Tine is aeromagnetic low from Figure 3b. From Mayhew et al (1982).

Aeromagnetic anomaly contours in same area as Figure 3a. Values
are hundreds of nT, contour interval 400 nT. Relative to arbitrary

?atums -30 mgal contour from Figure 3a shown. From Mayhew et al
1982).

Geometry of model Kentucky body; three regions discussed in text are
indicated. Angled boundary shown indicates area of Figure 3.

Computéd Bouguer gravity due to model Kentucky body. Contour
interval 6 mgal. Compare with Figure 3a.

Computed magnetic anomaly due to model Kentucky body with arbitrary
datum shift. Contour interval 400 nT. Contour values are hundreds
of nT. Compare with Figure 3b.

Magnetic anomaly due to Kentucky body at satellite altitude.
Contour interval 1 nT.
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Figure 8

Fiqure 9

Light broken 1ine is one contour line selcted from aeromagnetic map
of Zietz (1982) to indicate extent of highly magnetic source

region. Heavy solid line is -30 mgal gravity contour to indicate
extend of Kentucky body (KYB).

Tectonic elements in region surrounding Kentucky body. -20 and -30
mgal gravity contours from DOD compilation shown as heavy solid
lines to indicate significant highs (h). Cincinnati Arch delineated
by zero level structure contour (dot-dash 1ine) on top of Trenton
(USGS and AAPG, 1962). Heavy long-dash line is inferred position of
Grenville Front. Generalized faults of 38th Parallel Lineament
principally from U.S. Geologic Map and Ammerman and Keller (1979).
RCG is "Rough Creek Graen" (Soderberg and Keller, 1981). Other
symbols are as follows. WL = "Woodward's Line", ECGH = East
Continent Gravity High, MMGH = Mid-Michigan Gravity High, LFZ =
Lexington Fault Zone, JD = Jessamine DNome, PMT = Pine Mountain
Thrust. Position of Kentucky body as delineated by gravity contours
labeld KYB. Aeromagnetic lineament shown as short dash line. Small
circles are selected basement core locations. Solid circles are
medium- to high-grade metamorphics. Open circles are felsic
volcanics; circles with dots are basalts. Core samples of low-grade
metamorphics, sedimentary rocks, and plutonic rocks not shown. From
Mayhew et al (1982).

Figures 10-12 Blackened areas refer to first, second, and third model source

Figure 13

Figure 14

Figure 15

regions, respectively, referred to in text.

Magnetic anomaly in the total field due to source region two
(Figure 11) computed at 325 km for unconstrained magnetization
direction.

As Figure 13 for magnetization direction constrained to be in main
field direction.

As Figure 14, but for region three (Figure 12).
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Figure 16 Difference between data of Figure 1 and data of Figure 15. Map
shows anomaly in the total field without the effect of the extended
source region,

Figure 17 Geometry showing dipole locations and mosaic regions I (-), II (+)
and III (A) for the dipole array models.
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FIGURE 15

88



Z———= E)f,’ //‘ \
z \\
(

@) @kz
\@

N
-
=

YA
[ (‘.(i(/(n.\\ﬂ F iy

=

’,




FIGURE 17

90




